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THE NEW BATTLESHIP ‘‘ DOMINION” OF THE BRITISH NAVY. 


THE 18,400 INDICATED HORSE-POWER ENGINES OF THE ‘“‘ DOMINION,” 
THE NEW WARSHIPS FOR THE BRITISH NAVY. 
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THE NEW WARSHIPS FOR THE BRITISH NAVY. 


By the English Correspondent of the Scienrtiric 
AMERICAN. 


Tue British navy has now received the first two 
battleships of the “King Edward VII.” class, which 
now rank as the largest and most powerful vessels 


possessed by this power. The ‘first of these two war- 
ships, from which the class takes its name, the “King 
Edward VII..” was built in the Admiralty dockyard at 
Devonport, while the sister ship “Dominion” was con- 
structed by Messrs. Vickers, Sons & Maxim, Ltd., at 
their naval construction works at Barrow-in-Furness, 
and has been handed over complete with her armament 
ready for commission in the navy. 
two vessels measure 425 feet between per- 
pendiculars, with a beam of 77 feet 9 inches, a molded 
depth of 43 feet, and a displacement of 16,400 tons. 
The design of is somewhat different and 
more symmetrical than the recent additions to the 
fleet. The sheer runs clear from stem to stern, and 
is unbroken by either anchor beds or superstructures 
of a cumbrous appearance, the line being broken only 
by the turrets containing the heavy guns, while the 
self-canting anchors, except their heads and flukes, are 
withdrawn into the the The funnels 
too are of neat design and harmoniously placed. They 
are of equal dimensions, and although at first the ar- 
rangement adopted presented difficulties in connection 
with the several uptakes, these problems have been 
successfully surmounted, and the general beauty of the 
design preserved. 

The most important features of this class of warship, 
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these vessels 


stem of vessel 


however, are in connection with the fighting and de- 
fending armaments For defensive purposes there is 
a belt extending from the after armored bulkhead to 


the ram. For the greater part of this length the thick- 
ness of the armor is 9 inches, and is reduced in three 
tages to 2 inches at the forward end. The maximum 
thickness of this belting is continued from a point of 
5 feet below the load line at the citadel to a depth of 


about 3 feet above it. Then comes a thickness of 8 
inches, and finally a belting thickness of 7 inches, 
which is continued right up to the upper deck. Ow- 


ing to the success and value of the thin armor carried 
over the counter of the “Triumph,” the same practice 
has been adopted in this class 

Several deviations from conventional practice, as the 
practical experiments, have been made in 

with the main and secondary batteries. 
Hitherto the scheme of design has been to place these 
two batteries of guns at a higher or lower level as 
compared with the sea level when the ship is loaded at 
her normal draft 

The primary armament comprises four 12-inch and 
four 9.2-inch guns. The 12-inch guns are placed in 
hbarbettes of 12-inch armor, with hoods provided with 
sloping sides. The two forward 12-inch guns, in view 
of the fact that they would undoubtedly require the 
highest command, when approaching and sighting an 
enemy at a considerable distance, are consequently 
placed at the highest altitude, which is about 23 feet 
level. On the other hand, the 
weapons which, under normal! 
range and do not require to 
he fired at such long ranges as those foward, are 
placed at a somewhat lower level. There is, how- 
ever, one other important point why this arrangement 
adopted, and that is due to the imperative 
gigantic battleships to keep the 
center of gravity low down, so that the fair meta- 
centrie height of 3 feet 9 inches may be secured, 
which is practically accomplished in this class. The 
pairs of 9.2-inch guns placed forward and astern re- 
spectively, and to all intents and purposes utilized as 
to the fire of the larger weapons, are placed 
These weapons are mounted sep- 
arately in 7-inch armor on the upper deck, 
one at each quarter. These turrets are made to swing 
round, so that an extensive are of training is thereby 
assured. 

The secondary batteries comprise five 6-inch guns 
mounted on each broadside on the main deck. These 
euns are placed between 8 feet and 9 feet below the 
level of the primary armament, and their command is 
keep them clear of the water when the 
vessel rolls. Advantage has been taken in the arrange- 
ment of these guns on the Japanese warship “Mikasa,” 
in that they are mounted within the 7-inch armor ina 
casemate. For defense against torpedo 
attack fourteen 12-pounders, fourteen 3-pounders, and 
two Maxims are mounted in convenient positions, 
while there are also four submerged torpedo tubes. 

For the convenience of the gunners serving the 9.2- 
inch guns the sides of the turrets are upright, only the 
front portion having an upward slope from the deck. 
The benefit of this design is that room is afforded for 
the crew within to work the weapon. The mechanism 
for loading, traversing, and elevating these guns is of 
the simplest character. There is a small railroad over- 
head, which brings the projectiles to a convenient posi- 
tion over the loading tray, which can be swung round 
to the breach of the gun by a few revolutions of a 
side handwheel. Within the recesses of the revolving 
circular turntable beneath the gun the projectile can 
he held in reserve, and when this supply is exhausted, 
the ammunition is drawn from the hoist within the 
turret on the left side of the gun. 

Especially noticeable is the improvement carried 
out in respect to the telescopic sights, so as to over- 
come the difficulties arising from the shock of. recoil. 
which has always been identified with the bar sight as 
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hitherto adopted. The telescopic sights, by means of 
which a range of 14,000 yards can be covered, are se- 
cured to the immovable trunnions on the gun's recoil 
jacket. The gun turntable and the accompanying gear 
rotate upon a huge pintle, which is responsible for the 
whole security of the turret and gun. This pintle 
descends into a circular space beneath the upper deck, 
and is secured rigidly and strongly to the deck be!ow, 
as it has to withstand the heavy straining forces de- 
volving upon the turntable. 

One important feature of existing warships is dis- 
pensed with in this new class—the military tops are 
abandoned. Instead, on the masts are placed large ob- 
servation stations. These are-fitted with range find- 
ers, and the guns are trained and directed from these 


points. The after navigation bridge has also been 
abolished. Instead there is an admiral’s bridge im- 
mediately abaft the main navigating station. The 


towers for the searchlights are still retained, however. 
Vertical engines in lieu of the usual. horizontal type 
are adopted for the mainmast boat derrick, as they are 
more efficient and occupy less deck space. 

The vessels are provided with engines of the cruiser 
type, with four cylinders arranged on the Yarrow- 
Schlick-Tweedy system, developing a maximum of 
18,000 horse-power, giving a speed of 18.5 knots per hour. 
As, however, some remarkable resuits were achieved 
during the trials of the “Dominion,” a description of 
this engine equipment, though practically identical 
with the sister ship, is interesting. In this instance 
the horse-power developed was 18,348, which is 348 
horse-power in excess of the contract requisitions, and 
a speed of 19.5 knots per hour—1 knot above the con- 
tract speed—was attained. 

The high-pressure and the intermediate cylinders 
are 331, inches and 541, inches diameter respectively, 
while the two low-pressure cylinders each have a di- 
ameter of 63 inches. The piston stroke is 48 inches. 
The boiler installation comprises sixteen Babcock & 
Wilcox water-tube boilers with a total heating capacity 
of 47,369 feet and a grate area of 1,402.5 square feet. 
The propellers are four-bladed, measuring 17 feet 6 
inches in diameter, a pitch of 18 feet 6 inches, and a 
developed surface of 86 square feet. 

The Admiralty trials of this vessel were of 68 hours’ 
duration, and the whole were carried out in four days 


without the slightest mishap of any kind. For the 
first time the Admiralty stipulated that the tests 
should be carried out under actual war conditions, 


with closed engine room and other attendant restric- 
tions. The first trial consisted of a 30 hours’ cruise 
at 3,600 horse-power, and an average speed, as record- 
ed by the log, of 12.8 knots was maintained with a 
coal consumption of 1.93 pounds per indicated horse- 
power hour, and a water consumption for the main en- 
gines of 16.6 pounds per horse-power hour. 

On the second trial, which was also for 30 hours at 
12,600 horse-power, a speed of 18.3 knots per hour was 
recorded by the log with a fuel consumption of 1.68 
pounds per indicated horse-power and a water con- 
sumption for the main engines of 16 pounds per horse- 
power hour. But the most remarkable result was at- 
tained on the measured course at the contract horse- 
power of 18,000 for eight hours. The mean horse- 
power developed on this trial was 18,348, and the 
speed obtained from point to point bearings was 19.5 
knots, a highly suecessful achievement, which places 
the “Dominion” as the fastest battleship in the fleet. 

A few days after the completion of the trials of the 
“Dominion,” the “Black Prince,” which belongs to the 
“Duke of Edinburgh” class, was successfully launched 
from the shipyard of the Thames Iron Works. Six 
vessels of this class, which corresponds to the “Cali- 
fornia” type, are in course of construction, and 
“Black Prince” is the second. Although this vessel is 
of somewhat greater displacement than the “Cali- 
fornia,” being of 13,500 tons as compared with 13,400 
tons, it is smaller in size. While the “California” 
measures 502 feet in length, this latest acquisition to 
the British fleet is 22 feet less, being only 480 feet 
long, with a beam of 73 feet 6 inches and a depth of 
27 feet 6 inches, as compared with 79 feet and 26 feet 
6 inches respectively. 

This vessel, together with the “Duke of Edinburgh,” 
are the first two vessels of the British navy designed 
hy Mr. Philip Watts since he succeeded Sir William 
White as Chief Constructor to the Admiralty, and it 
belongs to what is described as the first completely 
belted British ship of present times 

The main defensive armament consists of an armored 
belt extending the entire length of the vessel and vary- 
ing in thickness from 6 inches amidships to 3 inches at 
the stern and 4 inches at the ram to which it is se- 
cured. Some 1,600 tons of armor are employed, ex- 
clusive of the protected decks. The conning tower is 
constructed of steel 10 inches in thickness, and a splin- 
bulkhead 2 inches through separates the 6-inch 
from each other. 

The main armament comprises six 9.2-inch guns 
carried on the upper deck. Two of these weapons are 
mounted on each broadside, with one forward and one 
aft respectively, while the other four are each mounted 
at the quarters. The forward and aft weapons have 
an are of fire of 310 degrees, while the broadside weap- 
ens have a range each of 180 degrees. The secondary 
battery consists of ten 6-inch guns mounted in a rec- 
tangular citadel protected by 6-inch armor. This ves- 
sel is the last to be provided with the 6-inch weapon, 
as it has now been abolished by the British naval de- 
partment, but in this particular instance these weapons 
have been made more powerful than previous guns of 
their size, being 50 calibers long. Though two of the 
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6-inch guns can be fired astern, the forward weapons 
have no ahead fire. For the third armament the 1». 
pounder gun has been abandoned. There are twenty 
3-pounders and eight pompons mounted on the shelter 
deck. There are three 18-inch torpedo tubes, al! sy. 
merged, one on either side and one astern. 

The propelling machinery will consist of two sets 
of inverted four-cylinder triple-expansion engines de 
veloping 23,500 horse-power and a speed of 22 knots 
Steam will be raised from a combination of Budeoe 
& Wilcox water-tube and cylindrical boilers. 

One of the features of this new vessel is the placing 
of the shell rooms in the ammunition passages clog 
to the ammunition hoists, so that a considerable ecop. 
omy in time is effected in obtaining the projectilvs fo 
the guns. The ammunition hoists for the 6-inch guns 
are operated by electric motors, while the hois's for 
the 9.2-inch guns are worked by hydraulic powe1 

Owing to the progress that has been made in the 
utilization of liquid fuel for battleships, the “Blac 
Prince” has Deen fitted with oil-burning apparatus 
The double bottom of the vessel is constructed so ag ig 
constitute a reservoir for heavy oil, and is replete wit) 
the necessary pumps, pipes, and filters. The maxi 
mum coal capacity of the warship is 2,000 tons. The 
vessel will have a complement of 770 officers and mep 


SIMULTANEOUS TELEGRAPHY AND 
TELEPHONY.* 


By Joseru Hoos. 


Tue question of simultaneous telegraphy and tele. 
phony is not of recent date. While, however, in some 
places good results have been obtained, in others the 
advantages reached by this combined using 0! tele 
phonic circuits are hardly worth mentioning, and ip 
view of the difficulties experienced in the service ji 
was thought preferable to abandon the scheme. 

If we look closer at the question we can at once ob 
serve that wherever the telegraph and telephone ser- 
vices are under the supervision of one and the same 
interested person the results obtained are excellent 
Where, however, the two systems are in different lands 
the result is unsatisfactory. Thus, in America, where 
the financial interest of the telephone companies is in. 
volved, because of the desire to increase income by 
leasing lines for simultaneous telegraphy, and where 
for this reason these two operations are under the con 
trol of one technical staff, the result is excellent. The 
results are also fair in the European services, i! the 
same technical officer supervises both telegraph) and 
telephony, and one service is co-ordinated with the 
other. The result is, on the contrary, very poor in all 
cases if the telegraph and the telephone services are 
in different hands. 

This is evident if we consider how greatly the one 
system interferes with the other—that is, that careless 
handling of the one interferes at once with the proper 
functioning of the other, the two systems thus being 
brought into mutual opposition. 

For this reason the service must be arranged in such 
a manner that the two systems cannot interfere with 
each other, and in so far as troubles are unavoidable 
they must be reduced to a minimum. If they should 
exceed, certain arrangements must be provided to hold 
out the less important service without delay. 

In this direction the Hungarian telegraph and tele 
phone service can show good results by comparison with 
similar installations, and, therefore, it will not lb 
without interest to outline the principles which were 
followed in the formation of the system. 

Above all, the simultaneous installation must be the 
simplest possible, because only thus and with the few 
est possible instruments may undisturbed working be 
obtained. For this reason the method of simultaneous 
working founded on the Wheatstone bridge principle 
was made the basis of procedure. 

The telephone circuit is closed through two indue 
tive branches. At their point of intersection the bat 
tery branch is led off to the group of telegraph app* 
ratus, while the telephone apparatus is placed in the 
so-called galvanometer branch. 

It is thus evident that the connecting-in of the tele 
phone apparatus—namely, the leading of the telepho 
circuit through the switchboard—requires some care, 
because if there is a ground in the switchboard connee 
tions the telegraph working is disturbed. Even if one 
telephone circuit is directly connected to another. al 
there be simultaneous working on the latter, the tw 
telegraph simultaneous systems are brought into coh 
tact, which again causes marked disturbance. This 
may also be caused by the operators ringing simultam 
eously on several circuits from the same comm? 
source of ringing current. 

Even if only one of the circuits fed from the com 
mon ringing source is connected for simultaneots 
telegraphy, such working will still be slow, because it 
ringing on the simultaneous conductor we ring al 
on five or six other conductors. However well inst 
lated these circuits may be individually the insu|!atiol 
of the simultaneous telegraph circuit will be so far 
reduced by the connection that it will hardly be :oss' 
ble to maintain continuous telegraph working. 

It is true that we can remove all these difficulties # 
one stroke by connecting the incoming telephone «it 
cuit, before leading it to the switchboard, to a repeat 
ing coil, and working then only on the other half of 
the repeating coil. But by this plan the difficulty * 
only transferred to the other side—the telephone sid® 
Above all, we have a loss of energy in the repeatiné 


*A paper presented at Section © of the International Electrical O® 
gress of St. Louis, September 12, 1904, 
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jto which are added losses inevitably occurring in 
signaling apparatus, and it may happen that with 
han arrangement the telephone subscriber does not 
as much as 50 per cent of the incoming speaking 
rgy into his receiver. We must strive, therefore, 
; along with the undisturbed working of the tele- 
ph, the telephone working be kept at the same rela- 
e level that would exist in the absence of simultan- 
working. Moreover, the repeating coil not only 
kens the speaking current but also the calling cur- 
st, and we must, therefore, take precautions in this 
rection. 
(nder these conditions it is inadvisable to connect 
circuit first to the repeating coil. As long as the 
uit is on the calling apparatus there is no danger 
disturbing the simultaneous working. The disturb- 
e alises only at the moment of connecting. For 
js reason it would be sufficient to place the repeating 
jj in ‘he connecting cord, but in the same path there 
also the clearing-out signal, and a great loss of 
rgy might thus be incurred. This we may, however, 
edy if the repeating coil is constructed in such a 
mer as to serve at the same time as the clearing- 
signal. 
The learing-out signal is, as a rule, connected in the 
dge setween the two branches of the circuit, and its 
iy is by its great self-induction to prevent the wast- 
of any considerable part of the speaking current. 
wifor it is able to satisfy this demand might be 
dily aseertained by inserting a receiver in the 
wnt path. In spite of thus increasing the impedance 
the »ridge we still obtain intelligible speaking even 
ha clearing-out signal of 2,000 ohms resistance, if 
plat.er is entirely imbedded in iron. These currents 
not so rigidly follow the rules which apply to strong 
renis, and therefore inferences drawn from such 
les (Oo not apply in this case, as may be shown by a 
mple experiment. With such a clearing-out indicator 
per cent of the energy is lost on the average, and 
per cent only is available, as I have been able to 
erta'n myself. 
With a well-constructed repeating coil, if arranged 
acl-aring-out signal, the loss is not greater. Conse- 
ntly. if we insert such a repeating coil into the con- 
tine cord, simultaneous working without affecting 
telephone is secured. 
The repeating coil transformed into a clearing-out 
p naturally possesses a closed iron circuit. In Euro- 
n practice this plan is avoided and an open-circuit 
wating coil is generally preferred. The question 
bethe r the repeating coil has an open or closed mag- 
i¢ vireuit does not affect the high frequency in- 
ved. and for weak currents this is of much less im- 
ance than the other losses that arise in an open- 
ruit repeating coil. 
for relatively strong signaling currents the closed 
ncircuit is of decided advantage, because with open- 
uit repeating coils it is only exceptionally possible 
tine through with alternating current, while it is 
ays certain when there is a closed iron circuit. 
from the point of view of simultaneous working it 
y remains to separate the ringing currents. 
This may be accomplished if alternators are used by 
the ringing current at each operator's posi- 
nol a separate repeating coil. Where batteries are 
i, which are to-day exceptional, each operator's 
ition must be given its separate battery. This is a 
tter for the technical department. 
As for the operating department it is only desirable 
bt the telephone and telegraph operators should be 
le to communicate with each other quickly, so that 
ycan co-operate in case of troubles. 
In the simultaneous working apparatus itself the 
hnching coil is of the highest importance. It is most 
briant that the inductance on the two sides should 
equal. This is more important than the exact equal- 
of their ohmic resistance. This, however, deter- 
nes not only the resistance of the coil but also the 
of copper wire to be used. 
from the point of view of choking, it is desirable to 
long coils; such coils, however, by reason of the 
Homena of dispersion, prevent the complete neutral- 
tion of the telegraph currents, and, therefore, it is 
ssary to select short coils. With such an arrange- 
nt (he operation of the telegraph apparatus is not 
repiible on well-balanced etelephone circuits. 
Inthe Hungarian telephone system the results hith- 
0 obtained with simultaneous telegraphy and tele- 
ny in the manner above described have been excel- 
t. 


ITATIONS TO THE USE OF STORAGE BAT- 
TERIES—AN ENGLISH ENGINEER’S VIEWS. 
By H. M. Honart, M.1.E.E. 

EXYor:mous sums have been thrown away upon mis- 
ected storage battery ventures. To a great extent 
is has been due to overestimating the durability of 
*baiteries under the conditions to which they were 
be subjected. An annual depreciation of 6 per cent 
less may be attainable with stationary storage bat- 
les, if the current density. is low, and expert at- 
Mlance is provided; but in this case a large initial 
lniiture is entailed. On the other hand, if the 
lteries are to be used for moderate speed railway 
tion, a depreciation of over 300 per cent per year 
inevitably result. Figures ranging from one to 


other of these limits will be obtained in the various 
Ms of work for which storage batteries are used; 
it is necessary, in order to determine whether a 
battery can be economically employed in any 
ienlar case, to estimate the rate of deterioration 
sponding to the conditions of use. 
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The rate of deterioration, and the specific cost of 
storage batteries, are both considerably higher than is 
generally realized. An analysis of the practicability 
of their employment in any given case should proceed 
from the basis of considering them in the light of a 
high-priced fuel of high calorific value, rather than as 
a type of apparatus. The rate of deterioration, as al- 
ready suggested, cannot be expressed as a time func- 
tion; it depends upon the many conditions attending 
the use of the battery in any particular case. An im- 
portant factor is the number of complete cycles of 
charge and discharge. Only the very best of the lead 
batteries will have a life of some 500 complete cycles 
of charge and discharge; in other words, it will take a 
very good battery to show a deterioration of less than 
two-tenths of 1 per cent per cycle. Now, when a sta- 
tionary baitery is only discharged once a week, this 
would correspond to only 10 per cent depreciation per 
year; but when, as in automobile cab work, a battery 
is discharged twice a day or oftener, the battery de- 
preciation will be from 10 to 20 per cent per month. 

By approaching matters from this standpoint, it is 
by no means impossible to determine whether it is, or 
is not, economically practicable to employ a storage 
battery in a given case. Nevertheless, it is much 
more general to argue that storage battery companies 
have repeatedly undertaken to maintain batteries for 
6 per cent per annum, and then, if this rate and the 
initial outlay do not appear prohibitive, to proceed 
with the undertaking without further investigation. 

By the expensive process of repeated trials, it has 
now come to be generally recognized that storage bat- 
teries can have but a very limited use for tramway 
and railway work. Such use was often attempted in 
America some ten to fifteen years ago, and experiments 
were even made with storage battery traction on the 
Manhattan Elevated Railway. As early as ten years 
ago, however, it was, in America. generally conceded 
that further attempts to employ storage batteries for 
railway traction work would be futile. Then came a 
period of activity in Germany, the chief interest center- 
ing in the so-called “mixed system,” in which trolley 
cars carried storage batteries to be employed over sec- 
tions of the line where the trolley wire was considered 
to be impracticable, on the score of safety, or for 
wsthetic reasons. The system was for a year or two 
extensively employed in several large cities in Ger- 
many, but was finally abandoned several years ago; 
for not only was the battery depreciation far in excess 
of the estimates, but its use on the cars was considered 
unsanitary. 

The most recent, as well as the most elaborate, stor- 
age battery installations for traction work were those 
on certain sections of the Italian railways; at the 
close of last year these were definitely abandoned. It 
would be reasonable to suppose that, after such a sue- 
cession of costly failures, further enterprise on similar 
lines would be preceded by careful analysis of the data 
available. Unfortunately, this is hardly likely to be 
the case. The advent of each new storage battery is 
heralded by the most exaggerated estimates of its pos- 
sibilities, and it is generally exploited with but little 
regard to prior failures and experience. 

While there is certainly a legitimate, though limited, 
field for stationary storage batteries, and probably also 
for certain classes of automobile work, there is but 
little reason to expect (pending improvements of the 
nature of 100 per cent or more), that storage batteries 
will be successfully employed for tramway and railway 
traction. 

In the following example the figures will purposely 
be taken more favorable to the storage battery than 
is justified by present experience. 

A single track road, with turnouts, connects two 
towns 50 kilometers apart. A one-half hour service at 
an average speed of 50 kilometers per hour is required. 
The average distance between stops equals 5 kilome- 
ters. The traffic will amount to 600 passengers each 
way per day. Four cars, weighing (complete with bat- 
tery, motors, and passengers) 40 tons each, will be on 
the line at any one time; but it will be necessary to 
provide eight cars, four of which will be either charg- 
ing, undergoing repairs, or held in reserve. A car 
will be recharged after each round trip, i. e., the capac- 
ity of its storage battery must suffice to carry 40 tons 
over 100 kilometers at an average speed (including 
stops) of 50 kilometers per hour. Such a service, as- 
suming a good road, will require at the motors an input 
of 65 watt-hours per ton-kilometer; or 2.6 kilowatt- 
hours per kilometer; or 130 kilowatt-hours per car 
per hour. The average output from the battery must 
thus be equal to 130 kilowatts. Let the voltage be 250 
volts; current, 520 amperes. The battery must be able 
to give an average of 520 amperes during the round 
trip of 100 kilometers, i. e., during two hours; it must, 
therefore, have a capacity of 1,040 ampere-hours. It 
will be assumed that the standard Edison cell will be 
employed. This cell, at its 75 ampere discharge rate, 
has a capacity of 150 ampere-hours, thus giving 75 am- 
peres for two hours. Its discharge voltage may be 
taken at 1.2 volts. Two hundred and eight such cells 
in series, and 7 in parallel, or 1,456 total cells per car, 
would be required. Each cell weighs 8 kilogrammes. 
The battery of 1,456 cells weighs 11.6 tons. Taking the 
low price of 4.5 shillings per kilogramme, the initial 
cost of the battery would be £2,600. The car would 
make its round trip of 100 kilometers in two hours; it 
would then be recharged, its place being taken by an- 
other car. The recharging would be at the rate of 150 
amperes per cell, and it could again be placed in ser- 
vice in one hour. Thus it requires three hours for a 
car to make its round trip and be recharged. Each 
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car would make five round trips per day, or travel 500 
kilometers per day. The experience with lead batter- 
ies, on the Italian railways, showed a life of 12,000 
train-kilometers for the positive, and 20,000 train-kilo- 
meters for the megative plates. It would appear ill- 
advised, pending experimental investigations, to as- 
sume an ultimate life for the Edison cell of over 60,000 
kilometers, i. e., three times the life of the negatives 
of the lead cell. A life of 60,000 car-kilometers corre- 
sponds to 100 per cent depreciation in 120 days. Hence 
fhree battery equipments must be supplied annually. 
Annual outlay for storage battery per car—=3 & 2,600 
= £7,800. This item is to be treated as coal would be 
for a locomotive. But there is a further expenditure 
for electrical energy in charging the battery. This 
may be determined as follows: 

The battery delivers to the motors 2.6 kilowatt 
hours per car kilometer; or 1,300 kilowatt-hours per car 
day. The energy efficiency, when charging at 1,040 am- 
peres and discharging at 520 amperes, will be just 
about 50 per cent. Hence each car will require a daily 
charge of 2,600 kilowatt-hours. At 1d. per kilowatt- 
hour, this amounts to £10 16s. per car per day, or to 
£3,950 per car per annum. 
Annual outlay for providing 

for six cars* 
Annual outlay for providing storage batteries 


storage batteries 
£46,800 


Annual outlay for charging six cars.. ; 23,700 
Total annual outlay for eight cars on account 


A 40-ton car costs, including motors and air brakes, 
but exclusive of battery, about €1,200; depreciation 
= 12 per cent. 

The roadbed, track 
would come to about 
tion = 3 per cent. 


buildings 
deprecia 


construction, and 
£1,500 per kilometer; 


Capital expenditure for eight cars.......... Coo 


Capital expenditure for roadbed, track con- { 
struction, and buildings ............ 
Totai capital expenditure ................ C84 
ANNUAL COST. 
Interest on capital expenditure............. £4,240 
All storage battery outlays per annum...... T5700 
lepreciation on rolling stock, permanent way, 
Taxes and traffic and administration expenses nie 
Total annual charges ............... CSTN40 


of which 86.6 per cent falls on the storage hattery ex 
penditures. 

This line will carry passengers each 
day, which makes a total traffie of 60.000 
kilometers per day, or 21,900,000 passenger-kilometers 
per year. 

To meet the total annual charges. 
yield 87,840 & 240 = 21,.000,000d.. which 
quire a fare of 0.96d. per Kilometer, or 1.54 
To give a fair margin for contingencies and protiis, a 
fare of at least 2d. per mile would be necessary 

The traffic may also be expressed in car-kilometers 
and amounts to 3,000 ecar-kilometers per day; or 20 
passengers per car. As such a car would seat some St) 
passengers, it is obvious that the load factor of the en) 
(25 per cent) is as high as could safely be assumed 
and that a heavier traffic would require more ca 
But as over 90 per cent of the charges are for the car 
and the storage batteries, a more frequent servic 
would bring no remedy. 

The low efficiency of 50 per cent which has been as 
sumed, may occasion surprise It is taken from the 
published tests of the Edison battery \ higher effi 
ciency could only be obtained by carrying a greater 
weight of battery, operated at a low current density 
This would obviously lead to still higher 

A considerably higher efficiency could be 
with the lead cell. As we have seen, however, its posi 


Hoo way pet 


passenger 


traffic must 
would re 


per mile 


costs, 


obtained 


tives would have but one-fifth, and the negatives but 
one-third the life assumed for the Edison cell; or, say, 
an average life one-fourth as great Hence, on the 


road in question, a new battery would be required once 
per month. The lead battery would be somewhat heay 
ier, but on the other hand would cost but one-third a 
much per kilogramme; i. e., some 1.5 shillings per kilo 
gramme, as against at least 4.5 shillings per kilo 
gramme for the Edison cell. It is evident that these 
diverse properties of the two types of cell approximat« 
ly offset one another, and the economic practicabi! 

is about the same in the two cases. 

It is not so much with a view to the tramway ques 
tion that this comparison is of value, as it is to empha 
size the difficulties attending the use of electricity ou 
automobiles. If electric automobiles are 
introduced, it will be in the face of difficulties of the 
same nature as those revealed in the above analysis 

The estimation of the cost for automobile work ean 
not be made with much precision. The results of on 
of the most recent estimations The Electrician 
for June 3, 1904, p. 268) for heavy slow-speed delivery 
wagons, which offer the best conditions for the storags 
battery, were as follows: 

The wagons weigh one ton apiece, cost C500. and 
cover 30 miles (48 kilometers) per day in commercial 
service in New York city. After 95 days (4.500 kilo 
meters) the battery requires elaborate cleaning, which 


successfully 


(see 


* Three batteries per car per year, 
+ One battery per car per year, 


— 
= 
| 
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necessitates cutting all the connecting straps, wash- 
ing the mud from the plates and the jars, and recon- 
necting the cells. After another 75 days (3,400 kilo- 
meters), a second overhauling is required, and some 
replacement of parts. After a further 60 days (2,700 
kilometers), the positive plates are replaced, their 
total life having been 10,400 kilometers; about the same 
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batteries are employed, an analysis of the costs would 
show that greater economy could be obtained in other 
ways. Stationary storage batteries for central stations 
and sub-stations generally consist of cells weighing 
up to 140 kilogrammes each. These, when of the lead 
type, cost something like 6d. per kilogramme—about 
one-third the cost of the smaller cells employed in 
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Fie. 18.—CURRENT WHEEL OPERATING 


result as was obtained on the Italian railways (12,000 
kilometers). It is stated that the negatives have an 
average life equal to 12-3 that of the positives, here 
again confirming the experience in Italy. 

The total annual outlay per wagon, for upkeep of 
battery, works out at £81, and a further £24 per an- 
num is expended in charging the battery. 

Thus the total outlay for battery is £105 per wagon 
per annum; tire maintenance, £36 per annum; re- 
pairs and depreciation of wagon, £51 per annum; in- 
terest on investment, £25 per annum; total cost per 
annum = £217.* 

The wagon covers 13,900 kilometers per year. The 
cost is thus 3.7d. per wagon kilometer, and also per ton 
kilometer. In the railway instance, which we worked 
out, the cost comes to 0.48d. per ton kilometer; for 
although the speed is some four times higher, there is 
greater economy per ton due to the forty times heavier 
ear. and due to the better traction conditions on rails. 
Thus a similar analysis for a 5-ton delivery wagon 
shows a cost of but 2.7d. per ton kilometer. The New 
York one-ton delivery wagon requires an input to the 


PUMP IN PAYETTE VALLEY, IDAHO. 


automobile work. Nevertheless, a careful analysis rare- 
ly shows any economy to be attainable over alternative 
methods, by the use of storage batteries.—Technics. 


[Concluded from SuprLement No, 1511, page 24217.) 


CURRENT WHEELS: THEIR USE IN LIFTING 
WATER FOR IRRIGATION.* 


Wheels for Running Pumps. 


A WHEEL operating a rotary pump is shown in Plate 
V. It is in use in the Yakima River, near Prosser, 
Wash. It is home-made, but a fine example of a cheap, 
serviceable wheel. Being suspended between two 
heavy timbers anchored in the banks, no expensive pier 
is required. The wheel is 11 feet in diameter and 17.5 
feet long. The paddles are 2 feet wide of 1-inch stuff. 
The whole wheel is easily raised and lowered by one 
man by means of double pulleys and a windlass with 
long spokes, seen to the left of the center of the pic- 
ture. 

The main driving pulley is nailed to the spokes of 
the wheel, and is 7 feet in diameter. A 1'%-inch rope 
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lution of the water wheel. The pump raises water 4 


feet, and at full speed discharges one-third of a cya 1°. wh 

foot per second. When the river is low, much leg, pve? i | 

pumped. in hei 

The cost of the wheel was $40 to $50 for materiggm "* = 
rey 


or, counting the owner's time in construction, say y 
to $75. Of this cost $20 was for a steel shaft, Th 
cost of the pump was not given, but was probably §7 
to $85. The entire plant may have cost $200. It gy 
cessfully irrigates eighteen acres in fruit and alfalf 
the land being valued at $20 per acre. The any 

expense for rope, oil, and repairs is nearly $20. 

In the lower Payette Ditch, in Idaho, are gig, 
wheels, used to run pumps. One of these plants ; 
here described as an example of a well-built and expe, 
sive outfit, which is, however, eminently succeggfy 
The plan and construction of the wheel are show ; 
Figs. 18 and 19. The wheel is connected by chain ay 
sprocket to a three-piston, 5-inch pump, which fore 
the water through 1,800 feet of 4%-inch pipe to 1 
upper side of the owner’s ranch, 30 feet above th 
canal. The pump has three parallel pistons conneets 
to eccentrics on the same shaft, so arranged that eg 
piston in turn comes into action. The cos: of ¢} 
plant was as follows: 


5-inch triple action pump .............. $165 
3-inch steel shaft, 18 feet long ........ 35 
3 cast-iron flanges, 3 feet diameter ...... 30 
2 boxings for main shaft .............. 8 
Cast-iron sprocket, gear wheels, and chains 115 
1,800 feet of 4%-inch galvanized-iron pipe 274 


Of this cost only about $120 is for the wheel, x 
attention other than daily oiling is required. As th 
plant was put in in 1903, no repairs have as yet bea 
necessary. The annual cost for maintenance shou) 
fall below $10. 
The amount of water raised is about 0.3 cubic fo 
per second, which is used to irrigate twen y-seva 
acres in fruit. Water is applied 145 days, mal. ing th 
total depth of irrigation in the season almost exact 
3 feet. The orchard of 2,500 young trees—prunes, ayy two set 
ples, and pears—should, when older, yield an annygpnuou- we 
crop worth $5,000. ith a sor 


Chain-and-Bucket Gears. 

DOX 
A water elevator of the chain-and-bucket type ing naile 
shown in Plate VI. It is run by a 5-foot overshot whe ; sender 
of ordinary construction, but since it is equally ada es and k 


able to current wheels, it is of interest in their discus 
sion. The elevator consists of two endless chains ru 
ning over sprocket wheels, each chain carrying twely 
galvanized-iron buckets, as shown in illustration. Th 
lower sprocket wheels are 32 inches in diameter, # 
on a 3-inch shaft. The upper sprockets are 21 inche ~“ 
in diameter on a 1%-inch shaft. The sprockets a 
set 18 inches apart and the distance between shafts i 
20 feet. The cost of the outfit was given as about $2 
Of this amount the chain cost $75 and the buckets $2 
Estimating the four sprocket wheels at $10 each, th 
two shafts at $12.50, and the fourt boxings at $4./0 eae 
the cost of the lifting apparatus without the whe 
was about $145. The owner found No. 77 chain to 
light and recommended heavy gear throughout fo ¢ 


--—- 


the constant service required. 


PLATE V.—WHEEL OPERATING A ROTARY PUMP, YAKIMA RIVER, WASHINGTON. 


battery of 300 watt-hours per ton kilometer. This 
high value is due to its small weight, the frequent 
stops, and the high tractive effort required on aity 
streets. 

Even for stationary work. the writer is of the opinion 
that in at least 75 per cent of the cases where storage 


runs over this pulley, carrying the power to a 28-inch 
pulley on a countershaft. The driver on the counter- 
shaft is 10 feet in diameter and is connected by a %- 
inch rope to a pulley at the pump, which can be ad- 
justed from 11 inches to a larger size, as speed re- 
quires. The pump shaft revolves 32 times to each revo- 


* This estimate does not inciude admsnistration expenses, taxes, etc, 


* Bulletin 146 of the United States Dept. of Agriculture, 


Fi 
A simple application of chain-and-bucket gear to “ 

rent wheels is suggested in Fig. 21. The powe! “Brnge two 
transmitted by a rope to one of the shafts—in "ithe aavant, 
case the lower one. This arrangement makes it ing dam t 
to place the whole apparatus near the bank of a <tre@™ithe whee). 
or, if desired, the elevator could be placed at any A floatin 
venient distance. 8 used for 
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Italian Current Wheels. 
two wheels on opposite sides of the swift Adige 
ver in Italy, just above the city of Verona, are 50 
in height, raising water 40 feet. The construction 
the lightest possible owing to scarcity of wood in 
region, the spokes being light single poles braced 
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A typical modern current wheel in Milan, Italy, is 
used for power. The curved blades are made of sheet 
iron, the entire framework being of steel. The water 
runs swiftly down a sluice striking only the tips of the 
blades. Owing to their curvature, it slides smoothly 
up the blades, comes to rest, and is discharged with 
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Fie. 19.—FRAMING AND GEARING FOR WHEEL SHOWN IN Fig. 18. 


by twc sets of still lighter strips. The rim is a con- 
jnuou- wooden box divided into compartments, each 
ith a sort of trap door which opens when entering 
be water and closes of itself as it begins to rise. To 
his box or rim the paddles are fastened on either side, 
ing wailed to cleats. They are braced at the ends 
y slender sticks run through holes bored in the pad- 
es and keyed or wedged in place. It is usual to ar- 


very little velocity. An offset in the tailrace just be- 
low the wheel provides ample waste way. 


MAKING CASTINGS IN ALUMINIUM. 


Tue method adopted in preparing molds and cores 
for aluminium work, according to Practical Engineer, 
is necessarily somewhat the same as for brass, but 
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Fie. 20.—WHEEL IN YAKIMA VA 


Fie. 21.—CHAIN AND BUCKET OPERATED BY CURRENT 


WEEEL. 


nge two wheels with a flume between them, though 


4¢@ alvantage of this arrangement is not evident. A 
ing dam turns the current into a flume running under 
wheel. 


A floating current wheel also in the Adige River 


‘used for operating a grist mill. 


there are particular points which need attention to 
insure successful work. Both in the sand and the 
making of the molds there are some small differences 
which make considerable variationfin the results, and 
the temperature at which the metal is poured is a con- 
sideration of some importance. 
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In selecting the sand, which should not have been 
previously used, that of a fine grain should be chosen, 
but it should not have any excess of aluminous mat- 
ter, or it will not permit of the free escape of gases 
and air, this being an important matter. Besides 
this, the sand must be used as dry as possible con- 
sistent with its holding against the flow of the metal, 
and having only moderate compression in ramming. 

In making the molds it is necessary to remember 
that aluminium has a large contraction in cooling, 
and also that at certain temperatures it is very weak 
and tears readily, while all metals shrink away from 
the mold when this is wholly outside the casting, but 
they shrink on to cores or portions of the mold partly 
inclosed by metal. Thus, if casting a plate or bar of 
metal, it will shrink away from the mold in all direc- 
tions; but if casting a square frame, it shrinks away 
from the outside only, while it shrinks on to the cent- 
ral part or core. With brass, or iron, or such metals, 
this is not of much importance, but with some others, 
including aluminium, it is of great importance, be- 
cause if the core or inclosed sand will not give some- 
what with the contraction of the metal, torn or fractur- 
ed castings will be the result. Both for outside and 
inside molds, and with cores used with aluminium. 
the sand should be compressed as little as possible, 
and hard ramming must in every case be avoided, par- 
ticularly where the metal surrounds the sand. The 
molds must be very freely vented, and not only at the 
joint of the mold, but by using the vent wire freely 
through the body of the mold itself; in fact, for brass 
the venting would be considered excessive. With 
aluminium it is, however, necessary to get the air 
off as rapidly as possible, because the metal soon gets 
sluggish in the mold, and unless it runs up quickly it 
runs faint at the edges. The ingates should be wide 
and of fair area, but need careful making to prevent 
them drawing where they enter the casting, the 
method of doing this being known to most molders. 

If it is considered desirable to use a specially made- 
up facing sand for the molds where the metal is of 
some thickness, the use of a little pea or bean meal 
will be all that is necessary. To use this, first dry as 
much sand as may be required and pass through a 20- 
mesh sieve, and to each bushel of the fine sand rub in 
about 4 quarts of meal, afterward again passing 
through the sieve to insure regular mixing. This sand 
should then be damped as required, being careful that 
all parts are equally moist, rubbing on a board being 
a good way to get it tough, and in good condition, with 
the minimum of moisture 

The molds should not but 


be sleeked with tools, 


PLate VIL—CHAIN AND BUCKET OPERATED BY OVERSHOT 
WHEEL, 


SELAH, WASH. 

they may be dusted over with plumbago or steatite, 
smoothing with a camel’s hair brush, in cases where 
a very smooth face is required on the castings. Pre- 
ferably, however, the use of the brush even should 
be avoided. Patterns for aluminium should be kept 
smooth and well varnished, as the better the face of 
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the pattern the smoother the mold is left, as a rule, a 
point worthy of consideration in relation to the mak- 
ing of molds for casting all kinds of metals and 
alloys 

In melting the metal it is necessary to use a plum- 
hago crucible which is clean, and which has not been 
used for other metals. Clay or silica crucibles are 
not good for this metal, especially silica, on account 
of the metal absorbing silicon and becoming hard 
under some conditions of melting. A steady fire is 
necessary, and the fuel should reach only about half 
way up the crucible, as it is not desirable to overheat 
the crucible or metal. The metal absorbs heat for 
some time and then fuses with some rapidity, hence 
the desirability of a steady heat; and as the metal 
should be poured when of a claret color under the film 
of oxide which forms on its surface, too rapid a heat- 
ing is not advisable. The molding should always be 
well in advance of the pouring, because the metal 
should be used as soon as it is ready; for not only is 
waste caused, but the metal condition if kept 
in a molten state for long periods. The metal should 
be poured rapidly, but steadily, and when cast up 
there should not be a large head of metal left on top 
of the runner In fact, it is rather a disadvantage to 
leave a large head, as this tends to draw rather than 
to feed the casting. 

With properly prepared molds, and careful melting, 
fluxes are not required, but ground cryolite—a fluoride 
of sodium and aluminium—is sometimes used to in- 
crease the fluidity of the metal. In using this, a few 
ounces according to the bulk of metal to be treated is 
put into the molten metal before it is taken from the 
furnace, and well stirred in, and as soon as the reac- 
tion apparently ceases the pot is lifted and the metal 
at once skimmed and poured. The use of sodium in 
any form with aluminium is very undesirable, how- 
ever, and should be avoided, and the same remark ap- 
plies to tin, but there is no objection to alloying with 
metal thus produced is sold as an 


loses 


sinc, when the 
alloy 

Aluminium also casts very well in molds of plaster 
of Paris and crushed bath brick when such molds are 
perfectly dry and well vented, smoothness being se- 
cured by brushing over with dry steatite or plumbago. 
When casting in metal molds, these should be well 
brushed out with steatite or plumbago, and made fair- 
ly hot pouring, as in cold molds the metal 
curdiles and becomes sluggish, with the result that the 
castings run up faint. 


before 


[Continued from No. 1511, page 24215 | 
NORTH POLAR EXPLORATION: FIELD WORK OF 
THE PEARY ARCTIC CLUB, 1898-1902.* 

By Commander R. E. Peary. United States Navy. 
1899-1900, 

Tue “Diana” seemed to have gathered in and taken 
with her all the fine weather, leaving us a sequence of 
wind, fog, and snow, which continued with 
scarcely a break for weeks. 

After her departure the work before me presented 
itself in its own natural sequence as follows: Protect 
the provisions, construct our winter quarters, then be- 
cin building and grinding walrus meat for 
dog pemmican for the spring campaign 

During the first month a number of walrus were 
killed from our boats off the mouth of the fjord; then 
the usual Aretic winter settled down upon us, its 
monotony varied only by the visits of the natives, oc- 


clouds, 


sledges 


easional deer hunts, and a December sledge journey 
to the Fskimo settlements in Whale Sound as far as 
Kangerd-looksoah. In this nine-days’ trip some 240 
miles were covered in six marches, the first and the 


being 60 to 70 miles. I returned to 

in time to escape a severe snow-storm, which 
communication between Etah and the other 
settlements completely until I sent a party 
with and a specially constructed sledge, 
carrying no load, and manned by a double team of 
to break the trail 

During my absence some of my natives had crossed 
to Mr. Stein's place at Sabine, and January 9 I be- 
zan the season's work by starting a few sledge loads 
of deg food for Cape Sabine, for use of my teams in 
the spring journey. From this time on, as the open 
water in Smith Sound permitted, more dog food was 
to Sabine, and as the light gradually increased, 
some of my Eskimos were kept constantly at Sonn- 
tag Bay, some twenty miles to the south, on the look- 
out for walrus. 

My general programme for the spring work was to 
send three divisions of sledges north as far as Conger, 
the first to be in charge of Henson, while [ brought 
up the rear with the third. 

from Conger [ should send back a number of Eski- 
mos, retain some at Conger, and with others proceed 
north from there either via Hecla or the north point 
of Greenland, as circumstances might determine. 

I wanted to start the first division on the 15th of 
February, the second a week later, and leave with the 
third March 1, but a severe storm, breaking up the ice 
between Etah and Littleton Island, delayed the de- 
parture of the first division of seven sledges until 
the 19th. 

The second division of six sledges started on the 
26th, and March 4 I left with the rear division of nine 
sledges. Three marches carried us. to Cabe Sabine, 
along the curving northern edge of the north water. 


last marches 
jus 
stopped 
Eskimo 
snowshoes 


dogs, 


sent 


* From manuecript, ae read before the Peary Arctic Club, by courtesy 
of the National Geographic Society, and reprinted in Smithsonian Ineti- 
tution Report, 
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Here a northerly gale with heavy drift detained me 
for two days. Three more marches in a temperature 
of —40 deg. F., brought me to the house at Cape D'Ur- 
ville. Records here informed me that the first divi- 
sion had been detained here a week by stormy weather, 
and the second division had left but two days before 
my arrival. I had searcely arrived when two of Hen- 
son’s Eskimos came in from Richardson Bay, where 
one of them had severely injured his leg by falling 
under a sledge. One day was spent at the D'Urville 
house drying our clothing, and on the 13th I got away 
on the trail of the other divisions with seven sledges, 
the injured man going to Sabine with the supporting 
party. 

I hoped to reach Cape Louis Napoleon on this march, 
but the going was too heavy, and I was obliged to 
camp in Dobbin Bay, about five miles short of the 
cape. 

The next day I hoped on starting to reach Cape 
Fraser, but was again disappointed, a severe wind- 
storm compelling me to halt a little south of Hayes 
Point, and hurriedly build snow igloos in the midst 
of a blinding drift. 

All that night and the next day and the next night 
the storm continued. An early start was made on the 
16th, and in calm but very thick weather we pushed 
on to Cape Fraser. Here we encountered the wind 
and drift full in our faces and violent, making our 
progress from here to Cape Norton Shaw along the 
ice-foot very trying. 

The going from here across Scoresby and Richard- 
son bays was not worse than the year before; and 
from Cape Wilkes to Cape Lawrence the same as we 
had always found it. These two marches were made 
in clear but bitterly windy weather. 

Another severe southerly gale held us prisoners at 
Cape Lawrence for a day. The 20th was an equally 
ernel day, with wind still savage in its strength, but 
the question of food for my dogs gave me no choice 
but to try to advance. At the end of four hours we 
were forced to burrow into a snow bank for shelter, 
where we remained till the next morning. 

In three more marches we reached Cape von Buch. 
Two more days of good weather brought us to a point 
a few miles north of Cape Defosse. Here we were 
stopped by another furious gale with drifting snow, 
which prisoned us for two nights and a day. 

The wind was still bitter in our faces when we again 
got under way the morning of the 27th. The ice-foot 
became worse and worse up to Cape Cracroft, where 
we were forced down into the narrow tidal joint at the 
base of the ice-foot; this path was a very narrow and 
tortuous one, frequently interrupted, and was extreme- 
ly trying on men and sledges. Cape Lieber was 
reached on this march. At this camp the wind blew 
savagely all night, and in the morning I waited for it 
to moderate before attempting to cross Lady Franklin 
Bay. 

While thus waiting, the returning Eskimos of the 
first and second divisions came in. They brought the 


very welcome news of the killing of twenty-one musk 


oxen close to Conger. They also reported the wind 
out in the bay as less severe than at the cape 

I immediately got under way and reached Conger 
just before midnight of the 28th, twenty-four days 
from Etah, during six of which I was held up by 
storms. 

The first division had arrived four days and the sec- 
ond two days earlier. During this journey there had 
been the usual annoying delays of broken sledges, and 
I had lost numbers of dogs. 

The process of breaking in the tendons and muscles 
of my feet to their new relations, and the callousing 
of the amputation scars, in this, the first serious de- 
mand upon them, had been disagreeable, but was, I be- 
lieved, final and complete. I felt that I had no reason 
to complain. 

The herd of musk oxen so opportunely secured near 
the station, with the meat cached here the previous 
spring, furnished the means to feed and rest my dogs. 
A period of thick weather followed my arrival at Con- 
ger, and not until April 2 could I send back the Eski- 
mos of my division. 

On leaving Etah I had not decided whether I should 
go north from Conger via Cape Hecla, or take the 
route along the northwest coast of Greenland. Now I 
decided upon the latter. The lateness of the season 
and the condition of my dogs might militate against a 
very long journey, and if I chose the Hecla route and 
failed of my utmost aims the result would be com- 
plete failure. If, on the other hand, I chose the Green- 
land route and found it impossible to proceed north- 
ward over the pack, | still had an unknown coast to 
exploit, and the opportunity of doing valuable work. 
Later developments showed my decision to be a fortu- 
nate one. 

I planned to start from Conger the 9th of April, but 
stormy weather delayed the departure until the 11th, 
when I got away with seven sledges. 

At the first camp beyond Conger my best Eskimo 
was taken sick, and the following day I brought him 
back to Conger, leaving the rest of the party to cross 
the channel to the Greenland side, where I would over- 
take them. This I did two or three days later, and we 
began our journey up the northwest Greenland coast. 
As far as Cape Sumner we had almost continuous road 
making through very rough ice. Before reaching Cape 
Sumner we could see a dark water sky, lying beyond 
Cape Brevoort, and knew that we should find open 
water there. 

From Cape Sumner to Polaris Boat Camp, in New- 
man Bay, we cut a continuous road. Here we were 
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stalled until the 21st by continued and severe Winds 
Getting started again in the tail end of the Slorn 
we advanced as far as the open water, a few mj 
east of Cape Brevoort, and camped. This open wate 
about three miles wide at the Greenland end, extend, 
clear across the mouth of Robeson Channel to the Grip 
nell Land coast, where it reached from Lincoln Bay ,, 
Cape Rawson. Beyond it to the north and nor'thweg as 
far as could be seen were numerous lanes and pools, Ty 
next day was devoted to hewing a trail alons the ;, 
foot to Repulse Harbor, and on the 23d, in a violey 
gale accompanied by drift, I pushed on to the “Dpig 
Point” of Beaumont (and later Lockwood), a ghop 
distance west of Black Horn Cliffs. 

The ice-foot as far as Repulse Harbor, in spite of th 
road making of the previous day, was very (rying i 
sledges, dogs and men. The slippery side slopes, Steey 
ascents, and precipitous descents wrenched ay 
strained the latter, and capsized, broke, and ripped 
shoes from the former. 

I was not surprised to see from the “Drift Poiy; 
igloo that the Black Horn Cliffs were fronted by ope 
water. The pack was in motion here, and had only » 
cently been crushing against the ice-foot, where y 
built our igloo. I thought I had broken my feet jy 
pretty thoroughly on my journey from Etah to Conger 
but this day’s work of handling a sledge alone the \ 
foot made me think they had never encountered ap 


serious work before. A blinding snowstorm on th 
24th kept us inactive. The next day I made \ reco, 
noissance to the cliffs, and the next day set th. entip 


party to work hewing a road along the ice-foo'. Thy 
night the temperature fell to —25 deg. F., forming 
film of young ice upon the water. The nex day 
moved up close to the cliffs, and then with thrve Esk 
mos reconnoitered the young ice. I found that by py 
ceeding with extreme care it would in mos! plac 
support a man. 

With experienced Ahsayoo ahead constantly testiy 
the ice with his seal spear, myself next, and two Esk 
mos following, all with feet wide apart, and _ slidiy 
instead of walking, we crept past the cliffs. Re urniy 
we brushed the thin film of newly fallen snow off th 
ice with our feet for a width of some four feet, to gi 
the cold free access to it. 

I quote from my diary for the 27th: 

“At last we are past the barrier, which has | 
looming before me for the last ten days, tho ope 
water at the Black Horn Cliffs. Sent two of my me 
whose nerves are disturbed by the prospect ahea:, ba¢ 
to Conger. This leaves me with Henson ani thr 


Eskimos. My supplies can now be carried on ther 
maining sledges. Still further stiffened by tlhe co 
tinuous low temperature of the previous nig it, tI 


main sheet of new ice in front of the cliffs was n 
hazardous as long as the sledges kept a few hundred 
feet apart, did not stop, and their drivers ke} som 
yards away to one side. Beyond the limit of ty pr 
vious day’s reconnoissance there were areas o: mud 
younger ice, which caused me coi iderable ap)rehe 
sion, as it buckled to a very disquieting extent | eneat 
dogs and sledges, and from the motion of the outsii 
pack was crushed up in places while narrow cra¢ 
opened up in others. Finally, to my relief, we reach 
the ice-foot beyond the cliffs and camped.” 

The next day there was a continuous lane o! wal 
100 feet wide along the ice-foot by our camp, and th 
space in front of the cliffs was again open water. W 
crossed just in time. 

Up to Cape Stanton we had to hew a coutinuots re 
along the ice-foot. After this the going was mu 
better to Cape Bryant. Off this section of the coast | 
pack was in constant motion, and an almost contin 
ous lane of water extended along the ice-foot. \ lit! 
west of Cape Bryant I killed two musk oxen, the fle 
of which my dogs highly appreciated. A long sear 
at Cape Bryant finally discovered the remains o! Lock 
wood’s cache and cairn, which had been scattered 
bears. At 3:30 P. M. the Ist of May I left Cape Bry 
ant to cross the wide indentation lying between Caj 
Bryant and Cape Britannia. Three marches, mosilf 
in thick weather and over alternating hummocky bi 
ice and areas of deep snow, brought us at 1 A. M. 
the 4th to Cape North (the northern point o! Caj 
Britannia Island). From this camp, after a s'cep, 
sent back two more Eskimos and the twelve ore 
dogs, leaving Henson, one Eskimo, and myseli wil 
three sledges and sixteen dogs fo the permanent @ 
vance party. 

From Cape North, a ribbon of young ice, on! 
so-called tidal crack which extends along this coa* 
gave us a good lift nearly across Nordenskjold In! 
Then it became unsafe, and we climbed a heavy 
ble barrier to the old floe ice inside, which we fo! low 
to Cape Benet and camped. Here we were trewuted ' 
another snowstorm. 

Another strip of young ice gave us a passage nearl 
across Mascart Inlet until, under Cape Payer, | foul 
it so broken up that two of the sledges and nearly #! 
of the dogs got into the water before we could «sca) 
from it. Then a pocket of snow, thigh and wais: dee 
over rubble ice under the lee of the cape stalled 
completely. I pitched the tent, fastened the dogs, al 
we devoted the rest of the day to stamping « 1% 
through the snow with our snowshoes. Even the! 
when we started the next day, I was obliged to put 
teams to one sledge in order to move it. 

Cape Payer was a hard proposition. The first hi! 
of the distance round it we were obliged to cut « r0# 
and on the last half, with twelve dogs and three @ 
to each sledge to push and pull them, snow-plow fas 
ion, through the deep snow. 
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Distant Cape was almost equally inhospitable, and it 
was only after long and careful reconnoissance that 
we were able to get our sledges past along the narrow 
crest of the huge ridge of ice forced up against the 
rocks. After this we had comparatively fair going 
on past Cape Ramsay, Dome Cape, and across Meigs 
fjord, as far as Mary Murray Island. Then came some 
heavy going, and at 11:40 P. M. of May 8 we reached 
Lockwood's cairn on the north end of Lockwood Island. 
from this cairn I took the record and thermometer 
deposited there by Lockwood eighteen years before. 
The record was in a perfect state of preservation. 

One march from here carried us to Cape Washing- 

ton. Just at midnight we reached the low point, which 
is visible from Lockwood Island, and great was my re- 
lief to see, on rounding this point, another splendid 
hea ‘land, with two magnificent glaciers debouching 
near it, rising across an intervening inlet. I knew 
no’ that Cape Washington was not the northern point 
of Greenland, as I had feared. It would have been a 
grevt disappointment to me, after coming so far, to 
fin’ that another's eyes had forestalled mine in looking 
firs upon the coveted northern point. 
Nearly all my hours for sleep at this camp were 
taken up by observations and a round of angles. The 
ice north from Cape Washington was in a frightful 
con lition, utterly impracticable. Leaving Cape Wash- 
ing on, we crossed the mouth of the fjord, packed with 
blu--top floe bergs, to the western edge of one of the 
bic glaciers, and then over the extremity of the glacier 
its if, camping near the edge of the second. Here I 
foi 1d myself in the midst of the birthplace of the 
“fle bergs,” which could be seen in all the various 
ste es of formation. These floe bergs are merely de- 
gr ded icebergs, that is, bergs of low altitude, detached 
from the extremity of a glacier, which has for some 
di: ance been forcing its way along a comparatively 
le. ‘| and shallow sea bottom. 

rom this camp we crossed the second glacier, then 
a -mall fjord, where our eyes were gladdened by the 
sic it of a polar bear, which a couple of bullets from 
m\ carbine quickly transformed into dog meat for my 
fai hful teams. The skin of this bear I have brought 
ba k as a trophy for the club. 

i was evident to me now that we were very near 
the northern extremity of the land, and when we came 
wihin view of the next point ahead, I felt that my 
eyes rested at last upon the Arctic Ultima Thule (Cape 
Morris Jesup). The land ahead also impressed me at 
one as showing the characteristics of a musk-ox coun- 
tr 

‘his point was reached in the next march, and I 
stcpped to take variation and latitude sights. Here 
my Eskimo shot a hare, and we saw a wolf track and 
traces of musk oxen. A careful reconnoissance of the 
pack to the northward, with glasses, from an elevation 
of a few hundred feet, showed the ice to be of a less 
in practicable character than it was north of Cape 
Washington. What was evidently water clouds showed 
very distinctly on the horizon. This water sky had 
beon apparent ‘ever since we left Cape Washington, 
and at one time assumed such a shape that I was 
almost deceived into taking it for land. Continued 
careful observation destroyed the illusion. My ob- 
servations completed, we started northward over the 
pack, and camped a few miles from land. 

Che two following marches were made in a thick fog, 
through which we groped our way northward over 
broken ice and across gigantic, wave-like drifts of hard 
siow. One more march in clear weather over fright- 
ful going, consisting of fragments of old floes, ridges 
o! heavy ice thrown up to heights of 25 to 50 feet, 
crevasses and holes masked by snow, the whole inter- 
sected by narrow leads of open water, brought us at 
5 A. M., on the 16th, to the northern edge of a frag- 
ment of an old floe bounded by water. A _ reconnois- 
sunce from the summit of a pinnacle of the floe, some 
50 feet high, showed that we were on the edge of the 
disintegrated pack, with a dense water sky not far dis- 
tant. 

My hours for sleep at this camp were occupied in 
observations, and making a transit profile of the north- 
ern coast from Cape Washington eastward. 

The next day I started back for the land, and hav- 
ing a trail to follow, and no time wasted in recon- 
noissanee, reached it in one long march, and camped. 

Leaving this camp on the 18th, as we were traveling 
evstward on the ice-foot an hour later, I saw a herd of 
six musk oxen‘in one of the coast valleys, and in a 
short time had secured them. Skinning and cutting 
up these animals and feeding the dogs to repletion con- 
sumed some hours, and we then resumed our march, 
2 tting an unsuccessful shot at a passing wolf as we 
wont. 

Within a mile of our next camp a herd of fifteen 
musk oxen lay fast asleep; I left them undisturbed. 
| vom here on, for three marches, we reeled off splen- 
did distances, over good going, in blinding sunshine, 
and in the face of a wind from the east which burned 
our faces like a sirocco. 

The first march took us to a magnificent cape (Cape 
lridgman), at which the northern face of the land 
trends away to the southeast. This cape is in the 
same latitude as Cape Washington. The next two 
carried us down the east coast to the eighty-third 
}arallel. In the first of these we crossed the mouth 
cf a large fjord penetrating for a long distance in a 
southwesterly (true) dircctior On the next, in a 
!eeting glimpse through the fog, t Saw’ Ai ~ificent 
jountain of peculiar contour which I recognized a: 


peak seen by me in 1895 from the summit of the inve- ~ 


ior ice cap south of Independence Bay, rising proud! , 


above the land to the north. This mountain was then 
named by me Mount Wistar. Finally, the density of 
the fog compelled a halt on the extremity of a ‘low 
point, composed entirely of fine glacial drift, and 
which I judged to be a small island in the mouth of 
a large fjord. 

From my camp of the previous night I had observed 
this island (?) and beyond and over it a massive block 
of a mountain, forming the opposite cape of a large 
intervening fjord, and beyond that again another dis- 
tant cape. Open water was clearly visible a few 
miles off the coast, while, not far out, dark water 
clouds reached away to the southeast. 

At this camp I remained two nights and a day, wait- 
ing for the fog to lift. Then, as there seemed to be no 
indication of its doing so, and my provisions were 
exhausted, I started on my return journey at 3:30 
A. M. on the 22d of May, after erecting a cairn, in 
which I deposited the following record: 

“COPY OF RECORD IN CAIRN AT CLARENCE WYCKOFF ISLAND. 

“Arrived here at 10:30 P. M., May 20, from Etah via 
Fort Conger and north end of Greenland. Left Etah 
March 4. Left Conger April 15. Arrived north end 
of Greenland May 13. Reached point on sea ice lati- 
tude 83 deg. 50 min. north May 16. 

“On arrival here had rations for one more march 
southward. Two days dense fog have held me here. 
Am now starting back. 

“With me are my man, Mathew Henson; Ahngma- 
lokto, an Eskimo; sixteen dogs, and three sledges. 

“This journey has been made under the auspices of, 
and with the funds furnished by, the Peary Arctic 
Club of New York City. 

“The membership of this club comprises Morris K. 
Jesup, Henry W. Cannon, Herbert L. Bridgman, John 
H. Flagler, E. C. Benedict, James J. Hill, H. H. Bene- 
dict, Fredk. E. Hyde, E. W. Biiss, H. H. Sands, J. M. 
Constable, C. F. Wyckoff, E. G. Wyckoff, Chas. P. Daly 
Henry Parish, A. A. Raven, G. B. Schley, E. B. Thomas, 
and others. 

“(Signed ) R. E. Peary, 

“Civil Engineer, U. S. N.” 

The fog kept company with us on our return almost 
continuously until we had Lockwood Island, 
but, as we had a trail to follow, did not delay us so 
much as the several inches of heavy snow that fell in 
a furious arctic blizzard, which came rushing in from 
the polar basin and imprisoned us for two days at 
Cape Bridgman. 

At Cape Morris K. Jesup, the northern extremity, 
I erected a prominent cairn, in which | deposited the 
following record: 

“COPY OF RECORD IN NORTIL CAIRN. 

“May 13, 1900—5 A. M.—Have just reached here 
from Etah via Fort Conger. Left Etah March 4. Left 
Conger April 15. Have with me my man, Henson; an 
Eskimo, Ahngmalokto; sixteen dogs, and three sledges; 
all in fair condition. Proceed to-day due north (true) 
over sea ice. Fine weather. | am doing this work 
under the auspices of, and with funds furnished by, 
the Peary Arctic Club of New York City. 

“The membership of this club comprises Morris K. 
Jesup, Henry W. Cannon, Herbert L. Bridgman, John 
H. Flagler, E. C. Benedict, Fredk. E. Hyde, E. W. Bliss, 
H. H. Sands, J. M. Constable, C. F. Wyckoff, E. G. 
Wyckoff, Chas. P. Daly, Henry Parish, A. A. Raven, 
E. B. Thomas, and others. 

“(Signed ) R. E. Peary, 

“Civil Engineer, U. S. N.” 

“May 17—Have returned to this point. Reached 
83 deg. 50 min. north latitude due north of here. 
Stopped by extremely rough ice intersected by water 


passed 


cracks. Water sky to north. Am now going east along 
the coast. Fine weather.’ 
“May 26.—‘Have again returned to this place. 


Reached point on east coast about north latitude 83 
deg. Open water all along the coast a few miles off 
No land seen to north or east. Last seven days con- 
tinuous fogs, wind, and snow. Is now snowing, with 
strong westerly wind. Temperature 20 deg. F. Ten 
musk oxen killed east of here. Expect to start for 
Conger to-morrow.’ ” 


At Cape Washington, also, I placed a copy of Lock 
wood’s record, from the cairn at Lockwood Island, 
with the following indorsement: 

“This copy of the record left by Lieut. J. B. Lock 


wood and Sergt. (now Colonel) D. L. Brainard, U. S. 
Army, in the cairn on Lockwood Island, southwest of 
here, May 16, 1882, is to-day placed by me in this cairn 
on the farthest land seen by them, as a tribute to two 
brave men, one of whom gave his life for his Arctic 
work.” 

May 29.—For a few minutes on one of the marches 
the fog lifted, giving us a magnificent panorama of 
the north coast mountains. Very somber anid savage 
they looked, towering white as marble with the newly 
fallen snow, under their low threatening canopy of 
lead-colored clouds. Two herds of musk oxen were 
passed—one of fifteen and one of eighteen—and two 
or three stragglers. Four of these were shot for dog 
food, and the skin of one, killed within less than a 
mile of the extreme northern point, has been brought 
back as a trophy for the club. 


Once free of the fog off Mary Murray Island we 
made rapid progress, reaching Cape North in four 
marches from Cape Washington. Clear weather 


showed us the existence of open water a few miles off 
the shore, extending from Dome Cape to Cape Wash- 
ington. At Black Cape there was a large open water 
reaching from the shore northward. Everywhere 
along the coast I was impressed by the startlines evi 
cences of the violence of the blizzard of a few days 
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betore. The polar pack had been driven resistlessly in 
against the iron coast, and at every projecting point 
had risen to the crest of the ridge of old ice, along 
the outer edge of the ice foot in a terrific cataract of 
huge blocks. In places these mountains of shattered 
ice were 100 feet or more in height. The old ice in the 
bays and fjords had had its outer edge loaded with a 
great ridge of ice fragments, and was itself cracked 
and crumpled into huge swells by the resistless pres- 
sure. All the young ice which had helped us on our 
outward passage had been crushed into countless frag- 
ments, and swallowed up in the general chaos. 

Though hampered by fog, the passage from Cape 
North to Cape Bryant was made in twenty-five and a 
half marching hours. At 7 A. M. of the 6th of June, 
we camped on the end of the ice-foot, at the eastern 
end of Black Horn Cliffs. A point a few hundred feet 
up the bluffs commanding the region in front of the 
cliffs showed it to be filled by small pieces of old ice 
held in place against the shore by pressure of the 
outside pack. It promised at best the heaviest kind 
of work, with the certainty that it would run abroad 
at the first release of pressure. 

The next day, when about one-third the way across, 
the ice did begin to open out, and it was only after a 
rapid and hazardous dash from cake to cake that we 
reached an old floe, which after several hours of heavy. 
work allowed us to climb upon the ice-foot of the 
western end of the cliffs. 

From here on rapid progress was made again, three 
more marches taking us to Conger, where we arrived 
at 1:30 A. M., June 10, though the open water be- 
tween Repulse Harbor and Cape Brevoort, which had 
now expanded down Robeson Channel to a point below 
Cape Sumner, and the rotten ice under Cape Sumner 
hampered us seriously. In passing I took copies of the 
Beaumont English records from the cairn at Repulse 
Harbor, and brought them back for the archives of the 
club. They form one of the finest chapters of the 
most splendid courage, fortitude, and endurance, under 
dire stress of circumstances, that is to be found in the 
history of Arctic explorations. 

(To be concluded. ) 


THE ENGINEER AS A BUSINESS MAN 

Tue following striking passages are culled from an 
address delivered by A. C. Humphreys to the students 
of the University of Wisconsin: 

“About eighteen years ago | was called in to ex 
amine a process for which it was claimed that from 
two barrels of oil could be produced 200,000 feet of 
gas, high in candle power and high in calorific power 
The promoters were able to produce, in verification of 
their claims, certificates from a number of gas engi 
neers, and, | am sorry to say, from two professors ol 
high reputation, members then of the faculty of a 


prominent engineering college. The certificate of one 
of these professors stated that the volume of gas 
produced under his observation confirmed the claim 


as to volume. The other professor's certificate stated 
that the gas produced had been found to be equal in 
candle-power and calorific power to the claims. I 
noticed, however, that certificates showed that 
the work on volume and the work on intensity or qual- 
ity had been performed on different days. 1 was re- 
tuctant to undertake an investigation because manifest- 
ly the claims were ridiculous. On account of several 
people strong in the financial world, friends of our 
company, being concerned I was finally persuaded to 
undertake the investigation. I went off with a num 
ber of my men, set up the apparatus and left it in 
charge of a man who is now my partner and who at 
that time had only recently graduated from Stevens 
Ipstitute. In giving him his instructions I told him 
that when he signed his report it would be necessary 
jor him to bear in mind that when he fixed his signa 
ture I should understand that every word in his re 
port he was personally responsible for; that he had 
taken nobody's word for anything, even to the minutest 
detail. He made the remark that this would be liable 
to put him into some very embarrassing positions. | 
told him it was sure to do so. Being a very polished 
Southern gentleman, this was evidently very disagres 
able to him. The work went on for six weeks. We 
were constantly hampered by objections to the meas 
ures we were taking for the final determination. | 
visited the works myself once a week and it 


these 


was ap 


parent finally that oil was being introduced to the 
apparatus surreptitiously and I told my men to find 
the hidden pipe which was so being used. Shortly 


after my return from this last visit I received a tele 
gram from my assistant in charge saying: ‘Have dis 
covered the pipe. Can do nothing unless I seal the 
valve. This will indicate a lack of confidence. What 
shall I do?” I wired back: ‘You have your instruc 
tions and know what will be expected if you sign the 


report.” I received another telegram in reply: ‘Valve 
sealed.” The next morning I got another telegram 


‘Works burned down, valve, seal, and all. So we had 
finally forced them to face a disclosure of the fraud 
and they preferred to have an accident at the works.’ 


What will probably be the first international conven- 
tion for the regulation of electric power is now being 
negotiated between Switzerland and Germany, The 
agreement refers to the utilization of the Rhine xt 
Laufenburg, and it is drawn in thirty-three artictes, 
which are now being examined in the Chamber of 
Commerce of Schopfeim, in the light of explanations 
furnished by the promoters. The project contemplates 
the generation of electric force to the extent of 50,000 
horse-power, 
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ON THE MODERN REFLECTING TELESCOPE, AND 
THE MAKING AND TESTING OF OPTICAL 
MIRRORS.* 

By G. W. RircHey. 

INTRODUCTION, 

THE present paper describes the methods employed 
by the writer in the optical laboratory of the Yerkes 
Observatory in making and testing spherical, plane, 
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back to prevent flexure, the thickness should not be 
less than one-eighth or one-seventh of the diameter; 
inthe writer’s opinion the latter ratio leaves nothing 
to be desired. In the cases of the smal) diagonal plane 
mirror and the small convex mirror, which cannot 
easily be supported at the back, the thickness should 
be not less than one-sixth of the diameter. 

All mirrors should be polished (not figured) and 
silvered on the back as well as on the face, in order 


PLATE L—SHOWING METHOD OF TIPPING GLASS ON EDGE FOR TESTING. 


paraboloidal, and (convex) hyperboloidal mirrors. On 
account of the very great importance of supporting 
mirrors properly in their cells when in use in the tele- 
scope, a chapter is devoted to the description of an 
efficient support system for large mirrors. Intimately 
related to this, and equally important, is the subject 
of the mounting—the mechanical parts—of a modern 
reflecting telescope; accordingly, the final chapter is 
devoted to a consideration of this subject. 
1. DISKS OF GLASS FOR OPTICAL MIRRORS. 

No greater mistake could be made than to assume 
that cheap and poorly annealed disks of glass, or those 
with large stri# or pouring marks, are good enough for 
mirrors of reflecting telescopes. While I am not pre- 
pared to say that optical glass of the finest quality 
must be used for mirrors in order to secure the best 
attainable results, it is evident that a very high degree 
of homogeneity and freedom from strain is necessary 
in order that the figure of mirrors shall not be injuri- 
ously affected by changes of temperature. If it were 
not necessary to consider the question of cost, I should 
advise the use of the finest optical (crown) glass 
always, in order to be as free as possible from risk: 
usually considerations of cost would, in the case of 
large mirrors, make it necessary to choose between 
such an optical disk of a given size and a somewhat 
larger one of the kind furnished by the St. Gobain 
Company, for example. The diagonal plane mirror of 
a Newtonian, and the convex mirror of a Cassegrain 
reflector, should always be made of the best optical 
glass, since the expense for these is comparatively 
slight. 

The writer has used many disks made at the cele- 
brated glass-works of St. Gobhain, near Paris, of sizes 
from 8 inches in diameter and 1'4 inches thick, to the 
great one shown in the plates accompanying this arti- 
cle, which is 5 feet in diameter and 8 inches thick, and 
weighs a ton. All of these disks are beautifully free 
from bubbles and large stri#, and are fairly well an- 
nealed, considering their great thickness. It is a most 
encouraging fact that the quality of the 5-foot disk is 
not inferior in any respect to that of disks of 8, 12, 
20, 24, and 30 inches diameter which I have used. The 
makers of the 5-foot disk have recently expressed their 
readiness to undertake for us a 10-foot disk, one foot 
thick, which they think could now be made as perfect 
in all respects as the 5-foot disk. In ordering these 
disks it is always specified that great care be given to 
thorough stirring and thorough annealing. I have no 
doubt that in the case of very large and thick disks 
the makers could be prevailed upon to give even greater 
care to these points than is now given. 

A very important point is in regard to the best 
thickness of optical mirrors. As a result of experience 
in making and using many mirrors of 24 and 20 inches 
diameter, in which the thickness of the several Jisks 
varies from one-twelfth to one-sixth of the diameter, I 
have no doubt that the thicker disks are ulways prefer- 
able, provided that they are as homogeneous and well 
annealed as the thinner ones. The thinner mirrors 
suffer much greater temporary change of curvature 
from the very slight heat generated during the process 
of polishing; and they are undoubtedly more liable to 
suffer temporary disturbance of figure from changes of 
temperature when in use in the telescope. In the cases 
of the large paraboloidal mirror of a reflecting tele- 
scope, and the large plane mirror of a celostat or 
heliostat, which should always be- supported at the 
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that both sides shall be similarly affected by tempera- 
ture changes when in use in the telescope; for the same 
reason the method of supporting the large mirror at 
the back, in its cell, should be such that the back is as 
fully exposed to the air as possible. 

Il. THE OPTICAL LABORATORY OF THE YERKES OBSERVATORY. 

A large, well lighted room, 70 feet long by 20 feet 
wide, in the north basement of the observatory, was 
designed for the optical laboratory. The floor, which is 
nearly on a level with the ground outside, is of cement 
and is heavily painted. The walls are of brick, are 
about two feet, thick, and are covered with two layers 
of heavy ceiling paper arranged so as to give two tight 
one-inch air spaces for constant-temperature purposes. 
All joints of the paper are lapped and are nailed down 
with strips of wood. The ceiling of the room is heavily 
varnished. 

The large room is divided into three rooms con- 
nected by large doors; these doors are so arranged that 
the entire length of the large room and of a wide hall 
opening from it, making an apartment 165 feet long, 
can be utilized for testing. The east and middle rooms 
of the three are used for grinding and polishing. The 
large windows of these rooms are fitted with storm 
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With these arrangements temperature, Moisture, 
and freedom from dust can be controlled in the gring. 
ing and polishing rooms with all necessary refine 
ment. In other respects, however, three great jp. 
provements could be made in planning an ideal opt. 
cal shop; two of these relate to the comfort and heajlty 
of the optician. First, the rooms should be arrangeg 
so that direct sunlight could be admitted to them dyr. 
ing all parts of the optical work in which this woulg 
not be injurious to the work itself. Second, provision 
should be made for supplying to the rooms an abun¢. 
ance of fresh air, of a definite temperature, ang 
washed free from dust. Third, for constant-tempera. 
ture purposes, walls and partitions covered with q 
heavy layer of asbestos plaster (commercially termed 
asbestic) would be preferable, on account of the gy. 
periority of the insulating and fire-proofing qualities 
of this material, to those of ceiling paper with air. 
spaces. 

Ill. GRINDING AND POLISHING MACHINES. 

The grinding and polishing machines used by the 
writer are somewhat similar in principle to Dr. )rap. 
er’s machine, shown in Fig. 25 of his book, bu: are 
more elaborate. I shall describe here the machine 
used in making the 5-foot mirror, both because i: em. 
bodies most of the essential features of a grindiny and 
polishing machine, and also because it is the only 
one of my machines of which I have a series of )hoto. 
graphs for illustration. A good idea of this machine 
may be gained from the views of it shown in P ates 
I, II, III, and IV. 

The massive turntable upon which the glass ests 
consists of a vertical shaft or axis five inches in di- 
ameter, carrying at its upper end a very heavy tri- 
angular casting, upon which, in turn, is supporte: the 
circular plate upon’ which the glass lies. This plaie is 
of cast-iron, weighs 1.800 pounds, is 61 inches ii di- 
ameter, is heavily ribbed on its lower surface, aid is 
connected to its supporting triangle by means of | !iree 
large leveling screws. The surface of the large ) late 
was turned and then ground approximately flat; two 
thicknesses of Brussels carpet are laid upon this, and 
the glass, w‘th its lower surface previously ground 
flat, rests upon the innumerable springs formed by the 
looped threads of the carpet. No better support fora 
glass during grinding and polishing could be desired. 

Three adjustable iron ares at the edge of the glass 
serve for centering the latter upon the turntable, and 
prevent it from slipping laterally. 

The entire turntable, with the heavy frame of wood 
and metal which supports it, can be turned through 
90 deg. about a horizontal axis, thus enabling the 
optician to turn the glass quickly from the horizontal 
position which it occupies during grinding and polish- 
ing, to a vertical position for testing. This is shown 
in Plate I. 

The turntable is slowly rotated on its vertical axis 
by means of the large pulley below (Plate II.). This 
rotation is effected by means of belting from the main 
vertical crank-shaft on the east end of the machine; 
this shaft is well shown at the left in Plate III. At 
the upper end of this shaft is the large crank, wi 
adjustable throw or stroke, which moves the int 
and strong main arm to which the grinding and polis 
ing tools are connected, and by means of which they 
are moved about upon the glass. Thig I shall always « 
refer to as the main arm. It is a square tube of oak 


PLATE Il.—SHOWING LEVER FOR HANDLING HEAVY GRINDING AND POLISHING TOOLS. 
FIVE-FOOT MIRROR AND GRINDING MACHINE. 


sash on the inside; these are built in permanently and 
are made air-tight by means of ceiling paper. The 
west room contains the motor which supplies power to 
the grinding and polishing machines in the inner 
rooms; power is transmitted by a long shaft which 
runs the entire length of the rooms; this shaft is built 
in air-tight (to prevent dust) beneath the long work- 
bench which runs along one side of the rooms, 


wood, and is strong enough to garry the counterpoising 
lever shown im Plate III, a weight of any of the 
grinding tools, when fully .c rtiaily counterpoise. 
This. je’ Sur carries the syst:m of pulleys and 
be?’. by which the slow rotation of the grinding and 
pulishing tools is rigorously controlied: these, and thc 
* ammer in which this rotation is effected, are wel! 
shown in Plate 111. 
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The west end of the main arm consists of a strong 
steel! shaft which slides in a massive bronze swivel- 
pearing which corresponds to the “elliptical hole in 
the oak block p” of Dr. Draper's machine (see his 
Fig. 25). But this bearing is not stationary as in 
Draper’s machine; it is not only mounted on a long 
slide (which I shall refer to throughout this article 
as the transverse slide), so that it can be slowly moved 
for several feet across the west end of the machine by 
means of a long screw, but this bearing and slide are 
carried upon a secondary strong arm, which is moved 
by a secondary crank at the southwest corner of the 
machine. Unfortunately there is no photograph which 
shows this part of the machine as it appears when in 
yse; Plates I. and II. show the secondary crank well, 
put ‘he secondary arm is shown swung around with 
one end resting on a bracket on the wall, in order to 
have it out of the way. 

The arrangement of the west end of the machine is 
the result of experience with several machines, and is 
foun extremely serviceable and convenient. The long 
transverse slide on the secondary arm allows the grind- 
ing and polishing tools to be placed so as to act on 
any desired zone of the glass, from the center to the 
edg ; and this setting can be changed as desired while 
the machine is running. The secondary crank, which 
turns at the same speed as the large one which 
drives the main arm, enables the optician to change as 
desired the width of the (approximately) elliptical 
stroke or path of the tool with reference to the length 
of this stroke; this change is especially desirable when 
figuring the glass; it is, of course, impossible when 
only one driving-crank is used. 

I regard the transverse slide, or something equiva- 
lent to it, as absolutely necessary to the success of a 
grinding and polishing machine; it will be noticed 
that its purpose corresponds, in some measure, to that 
of the long slot in the main arm of Draper’s machine. 
| have used both arrangements and have found the 
transverse slide to be far more effective and convenient 
in use; its use will be described in the chapters on 
grinding and polishing. 

The secondary crank, while very desirable and con- 
venient, for the reason given above, is not indispens- 
able: I have used s@veral smaller machines which have 
given good results without it. 


PLATE IV.—LARGEK SPHEROMETER ON TWELVE-INCH 
GLASS GRINDING TOOL. 


The manner in which the grinding and polishing 
tools are connected to the main arm is shown in Plate 
lll. A vertical shaft, 1% inches in diameter and 24 
inches long, both rotates and slides (vertically) freely 
in bronze bearings attached to the main arm. The 
grinding and polishing tools are connected to the lower 
end of this shaft through the medium of a large uni- 
versal coupling—a gimbal or Hooke’s joint—with two 
pairs of horizontal pivots at right angles to each 
other; this allows the tools to rock freely in all di- 
rections in order to follow the curvature of the glass. 
The tools are lifted, for counterpoising them, by the 
lever above (see Plate III.), through the medium of 
the vertical shaft and the universal coupling. In the 
tase of very massive grinding tools of moderate size, 
like that shown in this illustration, the universal 
coupling is connected directly to the back of the tool: 
but in the ease of all large tools which are to be used 
for fine work this connection is made through the 
medium of a system of bars and triangles, so that the 
tools are counterpoised without the slightest danger 
of changing their shape. A small coupling with ball 
bearings at the upper end of the vertical shaft allows 
the latter to rotate freely with reference to the link 
which connects it to the counterpoise lever. 

To recapitulate briefly: This method of connecting 
the grinding and polishing tools allows them to be con- 
trolled in all of the following ways simuitaneously: 
(1) the stroke of the tool is given by the motion of the 
main arm; (2) the slow rotation of the tool is rigor- 
ously controlled by the belting above; (3) the tool is 
allowed to rock or tip freely by means of the universal 
Coupling, in order that it may follow the curvature 
of ihe glass; (4) the tool rises and falls freely by 
Means of the sliding of the 1%-inch vertical shaft in 
its bearings, in order that it may follow the curvature 
of the glass; (5) the tool is counterpoised by means 
of the lever on the main arm, through the medium of 
the same vertical shaft and universal coupling. 

In Plate II. is shown the large lever by which the 
‘foot glass, which weighs a ton, is lifted on and off 
‘he machine, and by means of which, also, the large 
“tinding tools are handled. One of the full-size grind- 
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ing tools, weighing 1,000 pounds, is shown suspended 
by the lever. The arrangements are so convenient 


that the optician alone can do all parts of the work. 
IV. GRINDING TOOLS. 

While grinding tools of glass were used in much of 
my earlier work, and are still used for small work, I 
now use cast-iron grinding tools for all large work. 
These are cast very heavy, with ribs on the back; the 
(or high). 


ribs are made heavy, but not deep For 
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smaller tools is fully as perfect as that given by the 
larger ones; I always take the precaution, however, 
to work a full-size approximately flat tool on the glass 
before beginning to excavate the concave, so as to 
start out with a surface of revolution. 

Grinding tools for concave and convex mirrors are 
always made in pairs, one concave, the other convex. 
Grinding tools for plane mirrors are made in tripli- 
cate. These iron tools, when being cast, are “poured” 


PLATE LI11.—SHOWING HALF-SIZE GRINDING TOOL SUSPENDED ON MAIN ARM. 


large work iron tools are cheaper than glass ones; 
they are more easily prepared; they are more easily 
and safely counterpoised, which is aiways necessary in 
the fine-grinding of large work; and they produce on 
the glass a fine-ground surface fully as smooth and per- 
fect as can be obtained with glass tools. 

An important question is in regard to the size of 
grinding tools—whether they should be of the same 
diameter as the mirror. For mirrors up to 24 or 30 
inches in diameter full-size tools are generally used. 
For concave mirrors larger than 30 inches in diameter 
I use grinding tools whose diameter is slightly more 
than half that of the glass, i. e., a 16-inch tool for a 
30-inch glass; a 32-inch tool for a 60-inch glass. These 
I shall refer to as half-size tools. Full-size tools are, 
of course, much more expensive and difficult to make; 
they are many times heavier than half-size tools of 
equal stiffness; and they require a much stronger 
grinding machine to counterpoise them properly; 
grinding can be done with them, however, more quick- 
ly than with the smaller tools. Half-size tools are 


face down, so that the faces will be clean. T shall de- 
scribe the preparation of a pair of iron tools for a con- 
cave mirror, leaving the description of tools for plane 
mirrors until the making of plane mirrors is discussed. 
The convex and concave tools are turned in a lathe 
to the proper curvature as shown by templets. The 
convex tool, which is, of course, to be used on the 
concave glass, is now placed on a planing machine, 
and has a series of grooves cut across the convex 
surface. These grooves are usually 1% inch wide, and 
run in two directions af right angles to each other; 
these divide the surface into squares, which are usually 
made about one inch on a side. These grooves serve 
to distribute the grinding material uniformly, and 
entirely obviate the tendency of the tools to cling to 
the glass in fine-grinding. No grooves are cut in the 
concave tool. A number of holes are now bored 
through both tools, in such positions that wooden cups 
or funnels can be inserted into the holes from the back 
or ribbed side of the tool, without interfering with the 
ribs; these cups serve for the introduction of the 
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economical and are quickly prepared; they are easily 
counterpoised; and a much greater variety of stroke 
car. be used with them, so that with a well-designed 
g inding machine I have found it easier to produce 
fii1e-ground surfaces, entirely free from zones, with 
lalf-size than with full-size tools. If temperature con- 
ditions and uniform rotation of the glass are careful'y 
attended to, the surface of revolution produced by the 


grinding material during the process of grinding; they 


should be thoroughly varnished. 

The convex and concave tools are now ground to- 
gether on the machine, with fine grades of carborun- 
dum (which is much more effective for this purpose 
than emery) and water. This eliminates the circular 
marks left by the lathe, and enables the optician to 
secure the exact curvature desired. A very important 
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point is that by grinding with the concave tool on top, 
the radii of curvature of both tools can be gradually 
shortened; when the convex tool is used on top the 
curvature of both is gradually flattened. By this 
means, and the use of very fine grades of carborundum, 
a most perfect control of the curvature of the tools 
may be had. 

The curvature of the tools and of the glass is meas- 
ured by means of a large spherometer; this is shown 
in Plate LV., resting upon a 12-inch glass grinding tool. 
The spherometer is of the usual three-leg form; the 
legs terminate in knife-edges, the lines of which are 
parts of the circumference of a 10-inch circle. The 
central screw is very carefully made; it was ground 
in its long nut (which was made adjustable for tight- 
ness) with very fine grades of emery such as are used 
in optical work; screw and nut were then smoothed 
and polished by working them together with rouge 
and oil. The screw is of 4 millimeter pitch, and the 
head, which is 4 inches in diameter, is graduated to 
400 divisions. On fine-ground surfaces settings can 
be made to one-half or one-third of a division, corres- 
ponding to a depth of 1-40,000 or 1-60,000 of an inch, 
approximately. 

(To be continued.) 


NEW PROCESS OF COLOR-PHOTOGRAPHY BASED 
ON THE USE OF ORGANIC DYES.* 

Wutte the leuco-bases of some classes of organic 
compounds, e. g., the safranins, are so readily oxidized 
that they cannot be isolated as such at all, others like 
leuco-malachite green can readily be prepared pure, and 
are comparatively stable in air. The only exact in- 
vestigations, however, which have been made on the 
sensitiveness to light of leuco-bases, are those carried 
out by Gros in Ostwald’s laboratory. He examined 
particularly the leuco-compound of fluorescein and its 
substitution products. He observed that the leuco- 
compounds (which, by the way, were prepared some- 
what crudely) are nearly all more or less sensitive to- 
ward light, and he measured the quantity of oxygen 
which was absorbed by aqueous solutions of the leuco- 
bases or their salts. 

Except Gros, no one seems to have investigated these 
points at all exhaustively, or to have thought of using 
the leuco-bases for the production of photographic 
images 

before entering upon my subject proper, | must first 
say a few words on a point of pure photographic tech- 
nique. The principle on which the “three-color pro- 
cess” of photography is based, | may presumably take 


to be well known to you: Three negatives are pre- 
pared of the object photographed, the first showing 
on the print only the blue parts, the second only 


the red parts, apd the third only the yellow parts of 
the object 

The preparation of such negatives is comparatively 
simple, and the chief reason why the three-color pho- 
tographic which in the arts has found im- 
portant application, still fails to come into general 
use in photographic practice, lies in want of a suitable 
copying process. 

I will not enter into an enumeration of the various 
copying processes, but I shall only briefly mention 
that all methods hitherto employed are based upon the 
sensitiveness of gelatine treated with bichromate; the 
print may be either produced directly upon a pigment 
paper previously colored, or the gelatine images ob- 
tained, colorless at first, are subsequently dyed with 
organic dye-stuffs. The three monochrome component 
images, however prepared, are finally united into one, 
which then reproduces all the different shades of the 
original. 

There is no doubt that very fine three-color images 
can be obtained in this way, but the process of pre- 
paring the pictures is so extremely difficult that only 
a chosen few succeed in producing pleasing effects. 
And not least among the disadvantages eof this old 
method is the impossibility of watching with the eye 
the progress of the printing process. 

An ideal copying process would evidently be one in 
which there is no dyeing, or printing upon dyed paper, 
a process in which only colorless films are used, which 
on exposure turn directly yellow, red, or blue, accord- 
ing to their preparation. 

In search after such a copying process, we, together 
with the photo-chemical laboratory of the Farbwerke 
vormals Meister, Lucius, und Briining at Héchst-on- 
the-Main, carried on exhaustive work with a great 
variety of leuco-bases, but we were soon forced to the 
conclusion that the leuco-bases, exposed by them- 
selves to the light, are incapable of yielding sufficiently 
strong and brilliant images. We then imbedded the 
leuco-bases in a layer of a cetyl hydrocellulose or gela- 
tine, but our hope to produce stronger images in this 
way was not fulfilled. 

Not until collodion was chosen as basis for the pic- 
ture was any marked progress made in the sensitive- 
ness. But with this substance immediately a great 
advance was made. Leuco-bases which, when exposed 
by themselves to the light for hours, gave only a very 
feeble coloration, were pretty strongly oxidized in the 
presence of collodion even after a much shorter ex- 
posure, and gave satisfactory images. 

We soon realized that the collodion cannot here act 
simply as support for the picture. And, indeed, it soon 
became clear that the leuco-bases were oxidized in the 
light at the expense of the nitric acid group of the 
nitro-cellulose. We next examined a large number of 
other bodies, and all esters of nitric acid, especially 


process, 


* Lecture delivered in the section of chemistry at the seventy-sixth 
meeting of German Scientists and Physicians by E. Konig. 
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those of polyhydric alcohols, react in the same way as 
nitrocellulose. The organic nitrites, on the other hand, 
and the isomeric nitro bodies of the aliphatic and aro- 
matic series, are inactive, as are also inorganic 
nitrates. The nitrosamines display similar, but less 
marked action as nitric acid esters. 

It is interesting to note that the sensitiveness to 
light of the mixture of nitrocellulose and leuco-base 
may be greatly diminished by the addition of urea or 
antipyrin. This fact seems to indicate that the leuco- 
bases are actually oxidized by oxides of nitrogen split 
off from the collodion. 

The addition of turpentine or anise-oil, which are 
regarded as oxygen carriers, has little or no accelerat- 
ing action upon the production of these photographic 
images. But upon one occasion, when we added vari- 
ous organic bases to the collodion solution of the leuco- 
bodies for the purpose of preventing a slight oxidation 
which some of them undergo in contact with air, we 
noticed to our surprise, that films containing quinoline 
and its homologues showed a further marked increase 
in sensitiveness. I[ am unable to offer any explanation 
for this peculiar effect; we have here evidently a cata- 
lytic process. 

Now nitrocellulose is not by any means the most 
efficient of the above-mentioned compounds, only it is 
peculiarly adapted for the production of pictures, since 
it furnishes at the same time the film for their support. 
Far more sensitive still are mixtures of the leuco-bases 
with the nitrates of glycerine, glucose, and mannitol. 

If a piece of filter-paper is wetted with a solution of 
leuco-malachite green, for instance, or of leuco-flavani- 
lin, it is hardly colored on brief exposure to light; if, 
however, a little nitromannitol is added to the solu- 
tion, the paper quickly assumes an intense coloration. 

The sensitiveness of mixtures of leuco-base and nitro- 
cellulose can be increased enormously by the addition 
of nitromannitol. You see here two pictures, of which 
the one is much stronger than the other. The exposure 
was twenty seconds in sunlight in each case. The 
sensitive film consisted of nitrocellulose, o-amido- 
tetrethyldiamidotriphenyl-methane, and quinoline; to 
the film for the first picture a small quantity of manni- 
to! was also added. 

I wish to emphasize the fact that it is quite impossi- 
ble to produce photographic images giving any ap- 
proach even to satisfaction by means of leuco-bases 
alone, or of leuco-bases imbedded in different films. 
The copies always turn out flat and feeble, the oxida- 
tion of the leuco-bases in light by atmospheric oxygen 
seems soon to reach a maximum, long before the whole 
of the leuco-base is oxidized. 

Some bodies also which are not leuco-bases in the 
ordinary sense of the word are oxidized to dye-stuffs 
in light and in the presence of the organic nitrates 
mentioned repeatedly above. Such a substance, for in- 
stance, is paramidodiphenylamine. This compound 
is well known in the textile-printing industry under 
the name of “oxidation black.” Mixed with collodion 
or similar bodies and applied to paper, it rapidly yields 
intensely colored images on exposure to light. 

Blue images can, for instance, be produced by means 
of orthochlortetrethyldiamidotriphenyl-methane, green 
images by means of leuco-malachite green, meta- 
nitro- or metamidotetrethyldiamidotriphenyl-methane, 
red images by means of para-leucaniline or leuco- 
rhodamines, violet images by means of hexamethy]- 
paraleucaniline, yellow images with leuco-fluorescein 
and leuco-flavanilin. 

The fixing of the images at first gave great difficulty. 
Some leuco-bases, it is true, can be dissolved out from 
the collodion film by means of benzine, toluene, ether, 
or chloroform, but such fixing media cannot be used in 
practice. The first fixing fluid that suggests itself is a 
dilute mineral acid, for nearly all leuco-bases are 
readily soluble in such acids. It was found, however, 
that the images cannot be fixed in this way, for the 
leuco-bases, like the dye-stuffs, show a certain affinity 
for the nitro-cellulose, and are sometimes retained 
tenaciously. Fixation with dilute organic acids gave 
more success, and finally monochlor-acetic acid proved 
to be the best fixing medium for nearly all leuco-bases. 
Acetic acid, di- and trichlor-acetic acid do not serve 
the purpose. 

Gros already investigated the behavior of leuco-bases 
toward light of different colors, and he laid down the 
“rough” rule (as he himself calls it) that most leuco- 
bases are colored most intensely on exposure to light 
of the complementary color. Gros obtained the 
feeblest action with all leuco-bases under red glass, 
the strongest action under “rose-colored” glass. We 
exposed the different sensitive films under light-filters, 
such as are used for the additive process of three-color 
photography; the results obtained showed that the 
strips exposed give a maximum under the filter of the 
complementary color, a minimum under that of the 
same color. Thus blue, green and violet are very 
strongly colored under red and yellow, but hardly at 
all under blue. Red is very strongly colored under 
the green or yellow filter, is not much colored under 
the blue, and not affected at all under the red. Lastly, 
yellow is strongly colored under blue, but remains un- 
touched under yellow or red. For comparison, a strip 
of celloidin paper is here pasted on the table along 
with the others. It, of course, shows the deepest black- 
ening under the blue. 

The strong action of the so-called “inactinic” reé on 
the blue and green sensitive films is very interesti-g, 
and is probably to be ascribed to the optic sensitiz ¢ 
action exerted by the dye-stuff produced. 

It has been pointed out by Ostwald that the action .f 
light on photographic preparations is not peculiar, that 
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on the contrary light only accelerates reactions which 
would also take place of their own accord after som, 
time in the dark. Thus it is well known that photo. 
graphic plates and copying paper are decomposed eye 
in the dark on prolonged keeping; this effect is particy. 
larly rapid in the case of the gelatin sensitized wij) 
dichromate. Now it is very much the same with oy, 
new sensitive films. The action which the light pro. 
duces in a few seconds, takes place in the dar\ algo 
after a lapse of hours, days, or weeks, the most sengj. 
tive being also the least stable in the dark, so that they 
must always be prepared shortly before use. | wil) 
however, remark that even on very prolonged keeping 
the films are never colored as deeply as by a short ey. 
posure to light. 

The application of these observations to three-color 
photography now is as follows: 

A sheet of paper is covered with the collodion-blye 
and exposed under the corresponding componen' nega. 
tive. If the image appears in proper force, it is fixed 
in a solution of chloracetic acid of about 10 per cen 
strength, washed with water, covered with a thin hard 
ened gelatine film, and dried. This gelatine film -erves 
to protect the first collodion film from becomin: dis. 
solved when the second is applied. Over the dry blue 
image the collodion-red is then poured, and the -orre 
sponding component negative is then applied in such 
manner that the outlines of the negative fit in e actly 
with those of the blue image. The sheet is then :zaiy 
exposed to the light, is fixed, washed, and the ) llow 
image is then prepared in a precisely similar me ner 
Owing to the perfectly transparent character 0! the 
extremely thin films, and the brilliancy of the « lors 
employed, the copies have a very uniform appea: ince 
and especially the mixed colors appear to great a |van- 
tage. 

The quantity of leuco-bases actually used is very 
small, owing to the enormous coloring power © the 
tripheny!lmethane dye-stuffs; a picture of 200 s: uare 
centimeters surface contains only about 2  jilli- 
grammes of dye-stuff. 

The pictures are not, of course, absolutely perm. nent 
in light, although comparatively fast dyes may be used 
for the preparation of the component images. The 
least light-fast is the blue, which nevertheless ex. eeds 
in permanence the well-known ferrotype blue-pri? is. 

When we consider the difficulties which were h ‘her. 
to opposed to the copying of three-color negatives the 
new direct-copying process of the “Farbwerke’ at 
Héichst must be regarded as a great step forward. 
Colored transparencies were comparatively easy to 
prepare, as is well known, but the three-color p oto 
graphic process could not become popular, so lo: £ as 
it remained impossible to produce pictures on | aper 
in some simple way. This, we imagine, is the vant 
which our copying precess supplies even for th« un 
practical amateur. We must hope that it will heip t 
bring new life into the interest taken in photography 
which has of late been somewhat on the wane.—T) ans- 
lated from Zeitschrift fiir angewandte Chemie, 1904 
(17), No. 44, page 1,633. 


CONTEMPORARY ELECTRICAL SCIENCE.’ 

IonNIZATION Recorper.—C. Nordmann has invente:! an 
instrument which he calls the “ionograph,” and which 
is intended to give a continuous reading and autoniatic 
record of the state of ionization of the atmosphere and 
of gases. The gas to be studied is introduced between 
the armatures of a condenser. One armature is raised 
to a potential sufficient to produce the saturation cur 
rent. The other armature is joined to an ele tro 
meter on the one hand, and to the earth through the 
intermediary of a very high resistance on the oj her 
Under the influence of the field between the armatures, 
the second armature collects a certain quantity of «lee 
tricity per second, such quantity being proportional 
to the number of ions produced per second between 
the armatures. If C is the capacity and £Z the poten 
tial of the second armature and its electrometer con 
nections, its charge, CE, at the end of a time ¢ eqvials 
Qt, less the quantity of electricity lost to the earth 
through the high resistance. By a suitable choice of 
the dimensions of the apparatus the readings for [ 
may be made proportional to the values of the pro:luct 
QR, where Q is the quantity and RF the high resistance 
The best value of the high resistance is about 10 meg 
ohms. The registration of the actual ionization is 
then completed in about half a second.—C. Nordmann 
Comptes Rendus, June 6, 1904. 


Rapium EMANATION.—An important communica( io! 
on the properties and transformation of the radium 
emanation is made by Sir William Ramsay. In co!lal 
oration with Soddy, he has succeeded in determiing 
the amount of emanation given out by radium bromide 
in a given time, and in determining the position o! ils 
brightest spectrum lines. They dissolved 70 mg of 
radium bromide in distilled water, and found that (lie 
water was gradually decomposed, giving rise to al 
explosive mixture of oxygen and hydrogen, with the 
latter predominating. This explosive mixture «ot 
tained a small quantity of emanation. By detonat iné 
it and then introducing the tube into a liquid air re 
frigerator, they succeeded in condensing the em: na 
tion. Then they pumped away the hydrogen and ob- 
tained a small quantity of the pure emanation, wh ici, 
after regaining the normal temperature and press re, 
occupied a volume of one-fiftieth of a cubic millimeter. 
On gradually reducing the pressure, they found ‘ha! 
the gas expanded, very nearly according to Boy!e’s 
law. The emanation, therefore, behaves like an ordi 


* Compiled by E. E. Fournier d’Albe in the Electrician, 
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nary gas. It emits sufficient light to read the time on 
a watch by. On observing the light with a spectro- 
scope, the author found 18 lines, the strongest of which 
occurred at 5,595, 5,393 and 4,985. There were two 
fairly strong lines at 5,805 and 5,725 respectively, and 
another at 4,966, which, however, disappeared after a 
time. On keeping the emanation for a month, the lum- 
inosity gradually disappeared. On reducing the pres- 
sure and heating slightly, a gas having four times the 
volume was obtained, which showed the spectrum of 
helium. The emanation resembles the gases of the 
argon family, and its atomic weight is probably double 
its density. The latter is about 80, so that an atomic 
weight of about 160 would be indicated. That of ra- 
dium being 225, it follows that one atom of radium 
cinnot well give rise to more than one atom of emana- 
tion. Now, every gramme of radium gives 3 x 10- 
cubic millimeter of emanation per second, Hence the 
amount of radium transformed into emanation in one 
year is about one-thousandth part of its weight. This 
vould mean that the life of radium is about 1,000 
years. The heat emitted by the emanation is three or 
jour million times the amount emitted by an equal 
lume of an explosive mixture of hydrogen and oxy- 
en during explosion. In consideration of the fact that 
ine emanation is a gas of independent, though destruc- 
'. ble, properties, the author proposes to call it “exra- 
o.’—Sir William Ramsay, Comptes Rendus, June 6, 
4. 


PROPORTION OF MEN TO WOMEN IN THE 
UNITED STATES. 


A srupy in the proportion of sexes in the United 
states has been published by the Bureau of the Cen- 
us. The discussion and analysis were written by 
‘rof. W. F. Willcox, of Cornell University; the tables 
lemselves, derived from the main population re- 
orts of the Twelfth Census, were prepared under 
‘rof. Willcox’s supervision. 

Some of the conclusions reached are of much scien- 
ific and practical importance, and may thus be sum- 
iarized: 

The whole population of continental United States 
as first counted with distinction of sex in 1820. Dur- 
ng the seventy years from 1830 to 1900 the absolute 
excess of males was greater at each census than at 
ny preceding census with one exception, that of 1870, 
vhen the excess of males was less than in 1850 and 
S60. This reduction of the excess of males between 
S60 and 1870 by about 300,000 was doubtless due to 
he deaths in the civil war and the diminished immi- 
ration during the decade. The greatest relative ex- 
ess of males was in 1890, when in each 10,000 people 
there were 242 more males than females. By 1900 
this excess had decreased to 216 in 10,000, less than the 
relative excess in 1890 and 1860, but greater than that 
it each other census. In continental United States 
‘here are 1,638,321 more males than females, or about 
? in each 100 people. Probably in the population of 
the world as a whole, and certainly in that half of it 
which has been counted with distinction of sex, there 
are several millions more males than females. In 
continental United States, however, the relative excess 
of males is greater than the average for all countries. 
Europe has an excess of females; every other contin- 
ent, so far as known, has an excess of males. 

The divisions of continental United States with the 
smallest proportion of males are the District of Co- 
lumbia (47.4 per cent), Massachusetts (48.7 per cent), 
and Rhode Istand (49.1 per cent); those with the 
largest are Wyoming (62.9 per cent), and Montana 
(61.6 per cent). As a rule sparsely settled regions 
have an excess of males and densely settled regions an 
excess of females. 

Between 1890 and 1900 the divergence among the 
several States in this respect decreased and the pro- 
portion of males and of females in different sections 
iecame more nearly equal. In 1880 about one-fourth 
and in 1900 less than one-sixth of the American coun- 
ties had an excess of females. 

American cities as a rule have more females than 
males. In the 1,861 cities, each having in 1900 at 
feast 2,500 inhabitants, there were 201,959 more fe- 
males than males, and this notwithstanding the many 
western cities which contained more males than fe- 
males and the enormous number of foreign born in 
the country, five-ninths of them male and a large pro- 
portion of them living in the cities. This tendency of 
\merican cities to develop a population having a ma- 
jority of females had increased Since 1890 when, in 
the 1,490 cities, each having at least 2,500 inhabitants, 
there were 6,929 more males than females. 

While the excess of 6,929 males in American cities 
in 1890 became an excess of 210,959 females in Ameri- 
can cities in 1900, the excess of 1,519,559 males in 
country districts in 1890 became an excess of 1,840,280 
males in 1900. 

Or, expressing the facts in ratios, of each 1,000 in- 
habitants of such cities in 1890, 500 were males, and 
in 1900, 497 were males; of each 1,000 inhabitants liv- 
ing outside these cities in 1890, 519 were males, and in 
1900, 520 were males. The difference thus in the 
number of males or of females between an average 
thousand of city and of country population in 1890 was 
i9, and in 1900, 23. 

This conclusion is not materially modified when a 
more accurate method is employed and a comparison 
made between the figures in 1890 and 1900 for the 
same list of cities, namely, all which had at least 
2,500 inhabitants at each date. 

A marked and increasing dissociation of the sexes 
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between city and country like that in the United States 
has been noted also in the leading countries of west- 
ern Europe. 

On the other hand, there is a large excess of males 
in the principal cities of Russia and India, and in 
Hongkong and Manila. 

This excess of females in the cities of western Eur- 
ope and eastern United States is probably due mainly 
to the greater opportunity for women to find employ- 
ment in those cities and to their migration cityward 
in consequence. 

But even among children under 5 years of age, a 
slight difference appears between cities having at 
least 25,000 inhabitants and the rest of the country. 
In such cities there are 503 males to each 1,000 child- 
ren; outside of them there are 506 males to each 1,000 
children. 

These figures support but do not prove the theory 
that the proportion of male children at birth is slight- 
ly less in cities than in country districts. 

In all races and in all parts of the country there has 
been a decided increase since 1890 in the proportion 
of females among persons attending school. This in- 
crease is due mainly to the increase in the proportion 
of young women among persons at least 15 years of 
age attending school, the increase at this age period 
being nearly five times as great as at any other and 
more than three times as great as the average increase 
for all ages. 

In 1890, among each 1,000 persons at least 15 years 
of age attending school, 528 were male; in 1900 only 
490 were male. 

No important change took place in the large cities. 
The change for the whole country was due to a rapid 
decrease outside of the cities in the proportion of 
young men among the persons at least 15 years of age 
attending school, the figures for the country districts 
approaching rapidly the proportion found in cities in 
1900 and 1890. 

When the school attendants of a specified class are 
compared with the total population of the same age 
and class, a noticeable contrast between the negro and 
the foreign born white population appears, the per cent 
of female negroes attending school at each age being 
larger than that of male negroes, and the per cent of 
female foreign born whites attending school at each 
age smaller than that of male foreign born whites. 

Even for the age period 10 to 14 there has been, 
during the last decade, a slight decrease in the pro- 
portion of males attending school to male population, 
somewhat more than counterbalanced by an increase in 
the proportion of females attending school to female 
population. 

The death rate of males in the registration area of 
the United States in 1900 was 19.0 per 1,000, and that 
of females 16.6 per 1,000, the former having a death 
rate higher by above one-seventh than the latter. In 
the 346 registration cities the death rate of males was 
20.0 and that of females 17.2 per 1,000, the male rate 
exceeding the female by one-sixth. In the rest of the 
registration area the male death rate was 15.8 and 
that of females 15.0 per 1,000, the male rate exceeding 
the female by one-nineteenth. 

The difference in the death rate of the sexes is ap- 
parently least between the ages of 5 to 14 and greatest 
at the youngest and oldest ages. 

Life tables for Massachusetts, England, Prussia, and 
Norway confirm these conclusions and make them pre- 
cise. They indicate that male children under 3 years 
of age have uniformly a higher death rate than fe- 
male children. 

There is a period between 5 and 21 years of age in 
which the death rate of females is slightly higher than 
that of males. According to the Massachusetts life 
table this period covers seventeen years, 5 to 21; ac- 
cording to the Norwegian life table, eleven years, 5 to 
15; according to the Prussian life table, nine years, 
8 to 16; and according to the English life table, eight 
years, 14 to 21. 

According to all the life tables the death rate of 
women between 20 and 30 years of age, at which age 
probably four-fifths of the childbirths occur, was less 
than that of males. 


AMERICAN AGE STATISTICS. 

Tue Bureau of the Census has just published, in the 
form of a bulletin, an interesting study and analysis 
of age statistics. 

This bulletin was prepared under the supervision of 
Prof. Walter F. Willcox, of Cornell University, special 
agent of the Bureau of the Census, by Allyn A. Young, 
assistant professor of finance in Dartmouth College. 

For the purpose of a scientific study of the popula- 
tion the classification by age is of great ‘importance. 
Not only does this classification afford information con- 
cerning the generation which is at present doing the 
world’s work, but it also makes it possible to form 
some conclusions about the generation next to enter 
on its estate. It is scarcely correct, however, to speak 
of “generations” in the sense in which the word is 
ordinarily used, because the population is being con- 
stantly recruited by births and depleted by deaths. 

The population of a country has been compared with 
an endless rope made up of a vast number of individual 
threads. If the rope be cut at any given point, the 
threads thus exposed to view will vary from those so 
short that they can scarcely be measured to those of a 
maximum length. This is the view presented by the 
census age tables—a view which emphasizes the ever- 
changing character of the population. 

The classification of a population by age makes it 
possible to measure its economic and military strength. 
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A population containing a large proportion of aged 
persons and children may be less eflicient than a 
smaller population in which a larger proportion are 
of productive age. Moreover, the proportion of young 
children in the population is at least as valuable an 
index of social conditions as is the birth rate, and is 
of special utility in the United States, where accurate 
records of the births are kept in few localities. The 
chief usefulness of age statistics, however, is found in 
the increased value which they give to the results ot 
other census inquiries. The combination of the age 
and sex classifications reveals the numbe. of voters and 
the number of potential fighting men. It is impossible to 
compare different classes of the population accurately 
with reference to such facts as crime, pauperism, liter 
acy, number engaged in productive occupations, morta! 
ity rates, etc., without taking into account the differences 
in their age constitution; for example, the mere fact 
that death rates are higher in cities than in rural dis- 
tricts is without special significance until the differ- 
ences in the age constitutions of the two regions are 
taken into account. 

The ages of the population were ascertained more 
accurately at the census of 1900 than at any previous 
census of the United States. This improvement was 
largely due to the addition of an inquiry as to date ol 
birth to the former direct question as to year of age 

The analysis of the census returns affords convincins 
evidence of the tendency to understate ages. This ten 
dency manifests itself in the unduly large proportion 
of the population reporting their age as 25, 30, 35, 40 
ete. A skillful analysis of the returns shows that ex- 
cept among persons of advanced years, this concentra 
tion on multiples of five represents in the majority of 
cases an understatement of age. The tenlency to re 
port ages as less than the truth is strongest in the 
negro population, stronger in the foreign born white 
than in the native white population, and is stronger 
with females than with males. 

There is evidence of an overstatement of the axe 
of young children, which is explained as due to the 
tendency to denote a child’s age by the vvear of life 
rather than by the number of completed years. This 
leads to a large apparent deficiency of children in the 
first few years of life. The apparent deficiency is more 
marked in the case of children in the second year of 
life than of those in their first year—a result due to 
the fact that ages of children less than a vear old ar 
reported by months. 

The age returns of the more illiterate classes of thy 
population are less accurate than those of the mor 
intelligent classes. Moreover, the distribution of erro: 
in the age returns is such as to suggest that the cens 
information obtained about the more intelligent classe 
in districts in which there are large numbers of illiter 
ates is less accurate as a rule than information ob 
tained about the same class of persons in district 
where the general average of education is higher. Thi 
evident explanation is that the census enumerator 
held more consistently to high standards of accuracy 
in those regions where a high average of accuracy wa: 
possible. 

The number of centenarians in the population i 
grossly exaggerated in the returns, this exaggeration 
being especially marked in the case of the more illite: 
ate classes. 

The median age of the aggregate population of conti 
nental United States (that is, the age which exactls 
divides the population into halves) is 22.85 years. On: 
half of the population is above that age, one-half |» 
low it. 

One hundred years ago the median ave was 15.07; 
since 1820 it has increased, on the average. by two 
thirds of a year each decade. The median age of the 
population living in cities of over 25,000 inhabitunts 
is about three and one-half years greater than that ol 
the population living in smaller cities and rural di 
tricts. 

This difference may be attributed to two main cats« 

-the higher birth rate of the rural districts, and the 
migration from the country to the cities, which, like 
migration from abroad, iargely of adults 
Moreover, the cities contain a larger proportion of 
foreign born persons than do the rural districts. Thi 
median age is high in the North Atlantic and Western 
States and low in the South Atlantic and South Cen 
tral States. In the North Central division it approxi 
mates that of the country as a whole. The averacs 
age (that is, the quotient resulting from dividing the 
total years lived by the living population) is some 
years higher than the median age, being, for the ager 
gate population in 1900, 26.2 years. 

About three-fifths of the total population of th 
United States are between fifteen and sixty years old 
comprising what is sometimes called the “productive’ 
age group. This is a larger proporticn of the popula 
tion than is found in the same age group in most 
European countries—a fact which is due to the large 
number of foreign born adults in our population. But 
the only European countries which have so small a pro 
portion of their population at “productive ages” as is 
found in the native white population of the United 
States are Holland and the Scandinavian countries 

Nearly one-fourth of the population are less than ten 
years old and over three-sevenths are less than twenty 
Less than one-seventh have accomplished half the pos- 
sible hundred years of human life, and only twenty 
three out of every thousand have passed the allotted 
“threescore years and ten.” 

The greater average maturity of the urban popula- 
tion, shown by a higher median age. is due to the rela 
tively !arger proportion in the period of early middle 
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life. The rural population is relatively more numer- 
ous at both extremes of the age table. 

Children reported as less than a year old constitute 
2.5 per cent of the aggregate population, while chiltiren 
under five constitute 12.1 per cent. Both of these pro- 
portions are considerably smaller than they were in 
1880, and are smaller than the corresponding ratios 
for most European countries. The proportion of chil- 
dren under 1 in the total population varies from 
one in thirty in Utah to one in sixty in Ca‘ifornia. 
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tween rural and urban death rates; they consequently 
lead to the conclusion that females predominate among 
the younger persons migrating from the country to the 
cities, while males predominate among the migrants 
who are of middle age. 


A FORTY-INCH SLABBING MILL.* 


A new 40-inch universal slabbing mill, built by the 
Mesta Machine Company, Pittsburg, Pa., has recently 


24, 1904, 


The horizontal rolls are mounted on housings of 
the usual type made of air furnace iron, each weighing 
about 50 tons. A pair of 46-inch x 60-inch Mesta piston 
valve geared reversing engines drive the horizontal 
rolls. The gears are machine-molded and are of the 
step-tooth design. The pinion is made of cast stee] 
throughout. The rim of the gear is made of cast steel, 
and is mounted on a cast-iron center. 

For driving the vertical rolls in a mill of this 
type, it is desirable to use as large miter gears as 


FIG. 1.—THE 40-INCH SLABBING MILL COMPLETE, WITH TWO 40 x 60-INCH ENGINES DRIVING THE HORIZONTAL ROLLS AND TWO 36 X 48-INCH ENGINES 


The number of children in the population is relatively 
least in New England and on the Pacific coast; it is 
relatively highest in the South and in some of the 
newer agricultural States of the West and Northwest. 

Of the aggregate population 51 per cent are males 
and 49 per cent are females, but in the age groups of 
fifteen to nineteen years, twenty to twenty-four years, 
and eighty years and over there are more women than 
men. These facts are shown to be in general agree- 
ment with the statistics respecting the relative num- 
bers of the sexes born and the death rate of the sexes 
at various ages. The difference between cities and 
rural districts, with respect to the proportions of the 
sexes in the different age groups, are such that they 
cap be only partially explained by the differences be- 


FIG. 2.—VERTICAL SKCTION THROUGH THE CENTER 
OF THE MILL IN A PLANE AT RIGHT ANGLES 
TO THE HORIZONTAL ROLLS, 


DRIVING THE VERTICAL ROLLS. 


been installed in the National Tube Company's plant at 
McKeesport, Pa. On account of the remarkable size 
of this mill and some novel features introduced in its 
construction, it stands out as a good example of mod- 
ern construction and manufacture in rolling mill ma- 
chinery. The mill is of the two-high reversible type, 
having two horizontal steel rolls 32 inches in diameter 
and 65 inches long, and is designed to take ingots 56 
inches wide and 36 inches thick and to reduce them to 
any thickness within reasonable limits, and to a width 
down to 14 inches. The entire mill, including the re- 
versing engines and roll tables, as shown in Fig. 1, was 
made by the Mesta Machine Company, and is therefore 
characterized by uniformity and harmony in design. 

* Specially prepared for the Scientiric AMERICAN SUPPLEMENT. 
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possible. In some mills where the miter gears ar: 
mounted in the same plane, it has been necessary to 
introduce one and sometimes two idler rolls, so that 
narrow slabs may be rolled. A distinctive feature of 
the mill under discussion is the ingenious arrangement 
of the vertical rolls, whereby only two of these rolls 
are used. These can be brought to within 14 inches 
of each other for rolling narrow slabs, although large 
miter gears are used for driving the rolls, a result ac 
complished by placing one miter gear above the other. 
so that in bringing the rolls close together one over- 
laps the other. Where one or two idler rolls are em 
ployed, they are, in some cases, driven by spur gears 
but as these cannot be larger than the diameter of the 
rolls, they wear out very rapidly. Where the idler 
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FIG. 3.—VERTICAL SECTION THROUGH THE MILL PARALLEL WITH THE HORIZONTAL ROLLS. 


A 40-INCH SLABBING MILL. 
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rolls are not gear-driven they often slip in passing 
the ingot through, so that it is impossible to make a 
large reduction on the ingot at a single passing. In 
the mill illustrated, by making the rolls with a rough 
surface and driving them through the large miter 
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The opening between the vertical rolls is adjusted by 
moving sideways the travelers D and D, Fig. 3, to 
which are attached the bearings in which the rolls are 
carried. These travelers move in guideways cut in 
the transverse rest bars extending between the end 


FIG. 4.—PLAN VIEW OF THE MILL, SHOWING GEARING FOR THE VERTICAL ROLLS. 


sears, a large reduction on the ingot can be made at a 
single passing. With this mill a number of widths of 
slabs ean be rolled from the same size ingot, whereas 
with the mills capable of only a small reduction, a 
special size of ingot is required for almost every width 
cf slab. 

The vertical rolls are mounted in bearings, supported 
on rest bars secured to two large housings, made of 
sir furnace iron and weighing 70 tons each. The 
ower for driving the rolls is furnished by a pair of 
‘6-inch x 48-inch piston valve reversing engines, de- 
igned by the builders of the mill, mounted on a raised 
oundation. This engine is direct-connected with a 
haft upon which are mounted two machine-molded 
cast-steel spur pinions. These pinions engage two 
machine-molded cast-steel spur gears which are carried 
on two shafts, upon each of which is also mounted a 
machine-molded cast-steel miter gear, which engages 
n its turn the miter gear on each one of the rolls, and 
ransmits the power to same. 

The construction of the mill is shown in Figs. 2, 3, 
and 4. In Fig. 2, which represents a vertical section 
hrough the center of the mill at right angles to the 
,orizontal rolls. A and A represent the horizontal rolls, 
ind B their housing. C is one of the vertical rolls, 
npon the upper projecting end of the trunnion of 
which the miter gear H is mounted. The gear H 
ntermeshes with miter gear G, which is mounted on a 
shaft F, upon which the spur gear 7 is also carried. 
This spur gear intermeshes with the spur pinion / 
nounted on shaft A, with which the engine is direct- 
connected by a coupling. 

The offset of miter gears H and H is clearly shown 
in Fig. 3, which represents a vertical section through 
‘he mill, parallel with the horizontal rolls. Upon the 
shafts E and F are mounted the miter gears G and @ 
intermeshing with the miter gears H and H on the 
vertical rolls C and C, and also the spur gears 7 and J 
which receive motion from the spur pinions mounted on 
the shaft K connected with engine. 

The plan view of the mill, Fig. 4, shows the gearing 
for the vertical rolls very plainly. The lettering of 
the different parts corresponds with lettering on Figs. 
2 and 3. Shaft K, connected with the engine, extends 
across the mill, with the spur pinions J and J inter- 
meshing with the spur gears 7 and T on the shafts # 
and F. 


FIG. 6.—SIDE VIEW OF THE MILL, PARTLY ERECTED. 


housing. The upper rest bars are supported upon in- 
wardly-projecting ledges cast on the end housings, 
while bearings for the lower bars are provided on the 
foot of the housings. Upper bolts i and i and lower 
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transmit the motion to spur gears f, f, f, f, which re- 
volve these screws. 

A single-acting hydraulic cylinder with a plunger 
H is provided for each housing. Side rods secured to 
crossheads on the plungers, and bolted to the travelers, 
hold these securely against their adjusting screws. 

The lower ends of the vertical rolls rest upon thrust 
plates b and b in step bearings. These bearings are 
provided with a semispherical extension, which rests 
in corresponding grooves on levers supported on the 
travelers. A self-adjusting step bearing is thereby pro- 
vided. The levers are adjusted by means of adjusting 
screws c and c entering into the travelers and provided 
with adjusting nuts. 

All the housings are made of open-hearth furnace 
iron in the foundries of the builders, and all the gears 
are molded on Mesta molding machines and made 
from cast steel. 


Evectric Equitinrium oF THE SuN.—Svante Arrhe- 
nius frames a theory of the process by virtue of which 
the sun is able to give out a continuous supply of nega- 
tive electricity without its positive electrification being 
raised to such a high point as to retain the negative 
electrons in the sun. This process necessitates some 
form of circulation or renewal of the negative electri- 
city in the sun, and the author makes such a circula- 
tion very plausible. We know that negative ions con- 
dense vapors more easily than positive ions. The 
gases in the atmosphere of the sun are ionized by the 
ultra-violet radiation. T’:erefore, we have to suppose 
that among the little drops formed by condensation 
in the sun’s atmosphere far more are negatively 


FIG. 5.—ONK OF THE 70-TON HOUSINGS FOR THE VERTICAL ROLLS. 


bolts j and j extend through spacing blocks and serve 
to strengthen the rest bars. The adjustment of the 
travelers is done by screws e, e. e, e, which extend 


through the housing. The intermediate gears g and g _ 


charged than are positively charged. As these drops 
are driven away by the pressure of radiation they 
charge with negative electricity the atmosphere of 
celestial bodies, such as the earth, till the charge is 


FIG. 7.—THE MILL PARTLY ASSEMBLED, SHOWING THE TWO 70-TON HOUSINGS 


WITH TRANSVERSE REST-BARS FOR THE VERTICAL ROLLS, 


A 40-INCH SLABBING MILL. 


= 
= INS. 
eye —\ Oo 
G | Alt — 
‘ 
hat > — 
ent 
ls 
hes 
rge 
ac 
er, 
er- 
rs 
he 
ler 
XU) 


24254 


so great that discharges occur, and cathode rays are 
formed, which carry the charge back to the universe. 
The author makes an interesting calculation of the 
speed with which the drops will be driven from the 
sun, assuming that the radiation pressure is twice 
their weight. A drop which partly reflects the light 
will arrive at the earth in about forty-six hours. Now, 
according to Ellis, the interval elapsing between the 
passage of a sun spot across the meridian and the 
maximum of the consequent magnetic storm upon the 
earth is 42.5 hours. This agreement renders the base 
of the ealeulation reasonably probable. The author 
then goes on to show that the charge of the sun is 
sufficient to attract and absorb negative electrons trav- 
eling with observed velocities anywhere within 1.25 
licht vears of the sun. Since the nearest star is four 
light years away, and there are other stars about ten 
light years off, not many electrons can traverse inter- 
iellar space without being attracted by some star or 
other. Thus the suns recover from space as much 
negative electricity as they lose. The electric charges 
ot the suns are very effective regulators. If the charge 
is quadrupled the mean distance of the caught elec- 
trons is doubled, or, in other words, as they are uni- 
formly disseminated in space, their quantity is quad- 
rupled. Therefore, the supply of negative electricity 
to the suns is proportional to their defect thereof.— 
S. Arrhenius, Proceedings of the Royal Society, June 2, 
1904. 


A NEW WORK ON METAMORPHISM.* 

Tuts treatise is an attempt to reduce the phenomena 
of metamorphism to order under the principles of 
physies and chemistry, or more simply, under the laws 
of energy Metamorphism is broadly defined to in- 
clude all alterations of all rocks by all processes. The 
metamorphism of the sedimentary rocks was the first 
-ubject studied by the author, and metamorphism has 
heen a chief line of investigation with him for more 
than twenty Finding that the alteration of 
rocks was nowhere systematically treated, he took up 
the task of preparing such a work. It was supposed 
that this work would occupy two or three years, but 
as a matter of fact it required seven years, and an 
eighth year has been needed to put the volume through 
the press 

The book consists of twelve chapters. Chapter I. 
liscusses the geological principles upon which a classi- 
fication of metamorphism may be based. From this 
discussion it is concluded that the only practicable 
metamorphism is geological. It is 
found that the alterations of the outer zone of the earth 
are radically different from those of the deep-seated 
zone, Moreover, it is shown that the alterations in the 
upper zone in the production of simpler com- 
pounds from more complex ones, while those in the 
deep-seated zone result in the production of complex 
compounds from more simple ones. The upper zone is 
called that of katamorphism, and the lower zone that 
of anomorphism. 

Chapter Il.. upon the forces of metamorphism, dis- 
cusses chemical energy, gravity, heat, and light. The 
manner in which each of the classes of energy pro- 
duces various mechanical and chemical effects upon 
rocks is set forth 

Chapter IIIf, treats of the agents of metamorphism. 
The agents of metamorphism are gaseous solutions, 
aqueous solutions, and organisms. Under aqueous so- 
lutions the chemical and physical principles controlling 
the action of ground water and the cireulation of 
eround water are fully discussed. This involves a full 
resume of the science of physical chemistry so far as 
applicable to the alteration of rocks. This résume 
is not simply a summary from text books of physical 
chemistry, but discusses the applications of the princi- 
ples to the phenomena of metamorphism. 

Chapter IV., upon the zones and belts of meta- 
morphism, discusses these zones and belts from the 
physical-chemical point of view. It is shown that the 
alterations of the zone of katamorphism occur with 
liberation of heat and expansion of volume, the chief 
reactions being oxidation, carbonation, and hydration. 
The alterations of the zone of anamorphism occur with 
absorption of heat and diminution of volume, the chief 
reactions being deoxidation, silication with decarbon- 
ation, and dehydration. Thus the alterations in the 
two oppose each other. The zone of katamorphism is 
divided into two belts, that above the level of ground 
water, the belt of weathering, and that below the level 
of ground water, called the belt of cementation. While 
the physical-chemical principles of alteration are the 
same in each of these belts, the geological processes 
are very different. The belt of weathering is charac- 
terized by solution, decrease of volume, and softening, 
resulting in physical degeneration. The belt of ce- 
mentation is characterized by deposition, increase 
of volume, and induration, resulting in physical co- 
herence, 

Chapter V. treats of minerals. Each of the rock- 
making minerals is discussed with reference to its oc- 
currence and alterations. The alterations are consid- 
ered from the physical-chemical point of view. An at- 
tempt is made to write chemical equations which repre- 
sent the transformations, and to calculate the volume 
relations resulting. It is found that a great number of 
rock-making minerals undergo two classes of changes, 
one of which is characteristic of the zone of katamor- 
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* A Treatise on Metamorphism. Monograph XLVII. By Charles 
Richard Van Hise, Washington, D.C.; The United States Geological 
Survey. 
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phism, and the other of which is characteristic of the 
zone of anamorphism. Perhaps the most important 
generalization of this chapter is as to the reversibility 
of reactions m cne two opposing zones. This generali- 
zation is.as follows: The equations which represent 
the reactions in the zone of katamorphism are reversi- 
ble in the zone of anamorphism; and so far as there 
is expansion of volume and liberation of heat in the 
upper zone, just so far is there condensation of vol- 
ume and absorption of heat in the lower zone. 

Chapter VI. considers the belt of weathering. The 
belt of weathering being the one which is most readily 
observed, has been treated by many authors. The 
chapter in this volume on weathering differs from 
previous discussions in that the phenomena are not 
considered mainly from the descriptive point of view, 
the emphasis being given to the classification of the 
phenomena and their explanation under physical and 
chemical principles. Also an important feature of this 
chapter is the consideration of the phenomena of the 
belt of weathering in relation to the alterations of the 
other belts of metamorphism. 

Chapter VII. treats of the belt of cementation. This 
belt is defined as extending from the belt of weather- 
ing to the bottom of the zone of fracture. The geologi- 
cal results are found to contrast very markedly from 
those of the belt of weathering. [In the latter belt 
solution is the rule; openings are enlarged; the rocks 
degenerate. In the belt of cementation, upon the other 
hand, the processes of metamorphism continuously de- 
posit material, the openings are closed, and thus the 
rocks are consolidated. Each of the cementing sub- 
stances is considered, and an explanation is offered as 
to why cementation rather than solution is a general 
process in this belt. 

Chapter VIII. treats of the zone of anamorphism. 
This is the zone in which rock flow occurs. Full ex- 
planations of the meaning of rock flow and of the de- 
velopment of such secondary structures as slatiness, 
schistosity, and gneissosity are offered. Perhaps the 
most important generalization is that “rock flow is 
mainly accomplished through continuous solution and 
deposition, that is, by recrystallization of the rocks 
through the agency of the contained water. But rock 
flow is partly accomplished by direct mechanical 
strains. At the beginning of the process, during the 
process, and at the end of the process, the rocks, with 
the exception of an inappreciable amount, are crys- 
tallized solids.” 

Chapter IX. treats of rocks. A classification of the 
sedimentary rocks is given, their genesis is discussed, 
and the series of transformations through which each 
of the rocks passes is traced out, the resultant rocks 
being indicated. It was not found possible to give a 
similar treatment for the igneous rocks. 

With the ninth chapter, the subject of metamorphism 
proper closes, but the results contained in these nine 
chapters have an important bearing upon other parts 
of physical geology. The remaining chapters consider 
these relations. 

Chapter X. discusses the relations of metamorphism 
to stratigraphy. It is shown that in consequence of 
metamorphism great difficulties are introduced in 
stratigraphical work. The nature of the difficulties 
and the manner in which they may be overcome are 
fully considered. 

Chapter XI. treats of the relations of metamorph- 
ism to the distribution of the chemical elements. This 
is perhaps the most daring of the various attempts 
at generalizing of the treatise. It is shown that as a 
result of the forces and agents of metamorphism the 
elements of the original igneous rocks are redistrib- 
uted, a given element being less abundant in the larger 
number of sedimentary rocks than in the original 
rocks, and corresponding with this depletion each of 
the elements is segregated in one or more formations. 
An attempt is made to treat the problem of the redis- 
tribution of the elements quantitatively. Assumptions 
are made as to the total mass of the sediments and 
of the relative proportions of the more important 
classes of sediments Combining these assumptions 
with the results of chemical analyses, the losses and 
gains of various formations for each of the important 
elements of the earth are considered. Many surpris- 
ing results are reached. For instance, we find the 
conclusion that to oxidize the ferrous iron of the 
original rocks to the ferric condition in which most of 
it occurs in the sedimentary rocks, 35 per cent of the 
amount of oxygen in the atmosphere has been re- 
quired. But still more startling is the conclusion that 
to oxidize the sulphur and iron of iron sulphides in 
order to produce the sulphates of the ocean and gyp- 
sum deposits, and to transform the iron to the ferric 
ferm required one and one-half times the amount now 
in the atmosphere. 

The final chapter of the book, XII., is upon the re- 
lations of metamorphism to ore deposits. It is prob- 
able that this chapter will receive more general atten- 
tion than any other. The material of the other chap- 
ters is of a kind which is likely to be of interest to 
the geologist only, whereas this chapter is of interest. 
to all men concerned in the great mining industry. 
The chapter upon ore deposits occupies 240 pages and, 
indeed, might have been named “The principles of ore 
deposition.” From the author’s point of view, the 
majority of ore deposits are produced by metamorphic 
processes. Having worked out the general principles 
of metamorphism with reference to rocks, the author 
found that the application of these principles to ore 
deposition explained the majority of ore deposits. 
From his point of view the proper theory of ore depo- 
sition consists mainly in bringing the particular piie- 
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nomena exhibited by ore deposits under the general 
principles of metamorphism. The chapter contains a 
new classification of ore deposits, the fundamental! di- 
visions of which are the same as those of rocks. Thus 
ore deposits are divided into three classes, those of 
sedimentary origin, those of igneous origin, and those 
of metamorphic origin. Strictly the treatise on meta- 
morphism should, perhaps, have considered only the 
third class. However, the first and second classes are 
sufficiently discussed so that the relations of these 
ores to those produced by metamorphic processes may 
be appreciated. The discussion upon ore deposits is 
too elaborate to be summarized in this general state. 
ment. But it may be remarked that for the metamor- 
phie ores an attempt is made to trace out the solution, 
transportation, and precipitation of each of the chief 
economic metals. Also the alterations and further 
segregation of metals are fully considered. The con- 
clusion is reached that in many cases an ore deposit 
does not represent a single segregation, but is the 
result of repeated segregations by the same general 
processes which result in the depletion in certain ele. 
ments of the various rock formations and their segre- 
gation elsewhere. In other words, the principles of 
the development of ore deposits are the principles of 
the segregation of those elments which are of impo: '- 
ance to man, but which, for the most part, are so rare 
that they are not included in the discussion in thea 
chapter upon the redistribution of chemical elemeni; 
It is not possible in a summary to give any aid 

quate idea of the scope of this treatise on metamorp):- 
ism. A very broad range of facts, extending far } 

yond what might at first be regarded as a part of 1 
treatise on metamorphism, is considered from tlhe 
energy point of view. It is believed that the volum» 
marks a great stride in the reduction of the enti): 
subject of physical geology to order under the pri: 

ciples of physics and chemistry, and points out th 

way for a treatment of the entire subject from thi 

point of view. 


DESTRUCTION OF RATS AND MICE. 

In certain departments of France rats and mice hay 
committed such depredations on vines and growin 
crops that the losses arising therefrom have amounte 
to little less than a plague. 

The Pasteur Institute claims to have discovered 
means of destroying these rodents with complete suc 
cess and in such a way that the means of destruction i 
absolutely harmless to domestic animals. 

There appears to be no doubt that the claims of th: 
Pasteur Institute can be established by facts, as far a 
the destruction of rats and mice is concerned; it do« 
not yet appear to be proved clearly and unmistakab|!\ 
that the means employed for destroying the noxiou: 
animals mentioned is not hurtful to other forms oj 
animal life to be found in agricultural and vine dis 
tricts. 

However, the results so far obtained have been so 
satisfactory to the French government that the Minis 
ter of Agriculture (M. Mougeot) has bestowed upor 
the manager of the Pasteur Institute the high an 
much-prized decoration of “Commandeur du Merit 
Agricole,” while the “Rosette d’Officier” has been be 
stowed upon the manager’s assistant. 

On the 28th of last January Drs. Roux and Chamber 
land, in company with a general inspector of agricul 
ture (M. de Lapparent), proceeded to the departments 
of the Charente, which district has suffered the most 
severely. 

The preparation of microbes by the Pasteur Insti 
tute in a sort of soup (bouillon) is so well known In 
the United States in connection with the cure of rab 
ies, diphtheria, etc., that no further allusion will be 
made here in the preliminary work of the laboratory. 
Dr. Roux brought with him to the scene of operations 
a large quantity of this “bouillon” swarming with the 
rat microbes. 

The ground selected by Dr. Roux for his battle with 
the rats covered a space of 2,965 acres and extended 
over the communes of Aigre, Oradour, and Mons. 
Here various kinds of cereals, vines, and trees abound: 
and here also the sowing of various kinds of grain 
last autumn had been completely destroyed by these 
rodents. This meant also the destruction of fodder 
for cattle—such as lucern—hence butter and milk pro 
duction was seriously affected. The ground through- 
out the district was literally perforated with holes. 
which seemed to be connected underground by little 
passages. Such was the condition of the scene oi 
operation of Dr. Roux, which certainly seemed to 
offer a severe test for the efficacy of his discovery. 

Dr. Roux succeeded in interesting the farmers of 
the district in these very important experiments and 
very soon the celebrated scientist had organized a 
corps of assistants on the spot. These assistants, un 
der the direction of Dr. Roux, dipped quantities of 
wheat, oats, and small pieces of bread, about 0.3937 
inch square, into the bouillon referred to and which 
consequently became immediately impregnated with 
the microbes which the bouillon, or soup, contained. 

Then the poisoned wheat, etc., was placed in and 
about the holes where the rats and mice were known 
to be. The total quantity of poisoned “paste” distrib- 
uted amounted in ail to 4.2 metric tons of bread and 
9.8 metric tons of oats, while the quantity of bouillon. 
or soup, used was 1,190 bottles. The total area of 
these experiments, as above indicated, was 2,965 acres. 

The time employed by the farmers who, under Dr. 
Roux’s instructions, distributed this paste represented 
about one thousand two hundred half days—from 1 to 
5 o’clock in the afternoon. 
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To determine the effect of this poisoned paste on 
these destructive little animals Dr. Roux had the fields 
that had been microbe-treated plowed up in order to 
see the condition of the rodents after they had eaten 
the paste and to fix approximately the number of rats 
and mice that had succumbed to the poison. The 
results obtained surpassed all expectations on the part 
of the simple farmer. Rats and mice were dead in al- 
most alarming quantities and became quite as much 
of 2 pest when dead and putrefying as when they had 
been alive, but happily in another sense of the word. 
Dr. Roux estimates that he destroyed no less than 95 
per cent of the rodents by these experiments. As 
many as 15 to 20 rats were sometimes found in one 
hole. 

Not satisfied with this ocular demonstration of the 
success of his paste, Dr. Roux proceeded to a field of 
an area of about 2% acres and surrounded by vines. 
Here he had a number of rat holes counted, this num- 
ber being fixed at 12,484, which were carefully closed. 
Two days later the holes were again visited and it 
was found that 1,304 had been reopened by the rats. 
Th poisoned paste was again brought into requisition. 
Richt days afterward the field was visited and the 
hol:s which had been opened counted, the process 
being again repeated two days later; the holes that 
hai been opened by the rats were found to be 37. 

he Minister of Agriculture, on being satisfied with 
th results thus obtained by Dr. Roux, and acting on 
iy advice of the eminent scientist, proposes to intro- 
due into the Chamber of Deputies a bill for the pur- 
pose of compelling farmers in rat-infested districts to 
cooperate in using the above-described paste. In this 
w:y it is hoped that a field, for instance, which has 
be n rid of rats will not be visited by rats from sur- 
rounding fields which have not been treated with the 
poison. The cost of this paste, including its applica- 
tion, is estimated at about 5 francs (96 cents) per hec- 
tave (2.471 aeres).—John K. Gowdy, Consul-General 
at Paris. 


TRADE NOTES AND RECIPES. 

Leather Varnish.—An excellent varnish for leather 
can be made from the following recipe: Heat 400 
pounds of boiled oil to 100 deg. C., and add little by 
litle 2 pounds of bichromate of potash, keeping the 
samme temperature. The addition of the bichromate 
should take about fifteen minutes. Then raise to 160 
dee. C., and add gradually during one hour at that tem- 
perature, 40 pounds Prussian blue. Then heat for three 
hours more, gradually raising to 250 to 300 deg. C., 
with constant stirring. In the meantime, heat together 
ai 2350 deg. C., for half an hour, 25 pounds linseed 
oil, 35 pounds copal, 75 pounds turpentine, and 7 
pounds ceresine. Then mix the two varnishes, and 
dilute if necessary when cold with turpentine. The 
varnish should require to be warmed for easy applica- 
tion with the brush.—Les Corps Gras. 

How Best to Handle the Gilded Parts of a Watch.— 
The question before us is: Does it add anything to 
the beauty of the gilding, if the gilded parts of a 
wateh are gone over with the buffing stick after remov- 
ing them from the benzine. The Swiss Uhrmacher 
Z-itung finds such treatment unnecessary if, as must 
he presupposed, the benzine be clean and the wiping 
cloth also. Moreover, it is altogether faulty to make 
use of rouge—in this particular of course only gold 
red ean be meant—because it leaves traces behind it 
casily discernible on the gilding, and which detract 
from the seemly appearance of the pieces; besides, 
some of the dried particles of the red stuff, remaining 
behind, get into the movement, and by constant fric- 
‘ion injure it materially. Nor is it less detrimental 
io go over the gilded parts with the buffing stick, par- 
‘icularly when these have been washed for the last 
‘ime before putting together—a process whereby the 
vilding is made more prominent. Under such treat- 
ment the effect of the benzine is for the greater part 
lost, when the parts that have been carefully dried 
are again subjected to a scouring with the brush and 
‘halk. As for the smaller steel parts, and especially 
ihe winding wheels, these latter being often very 
much clogged with old oil, if these be put in the 
henzine it will become so soiled as to be scarcely avail- 
able for use. It is rather more profitable to brush 
‘hem out first and put them, except the lever, in a 
mall bottle with a wide neck, and cover with sul- 
»phurie ether. They may now be shaken up, which 
ossists greatly in the cleaning process, and afterward 
dried on a cloth. 

Reclaiming Silver.—From large photographic 
iudios there are often a quantity of things to be ob- 
iined which, if properly and cleverly treated, will 
vield silver very cheaply to the worker in that metal. 

In a popular studio, during a year or even a month, 
‘here is much. waste, such as plates, films, unsuccess- 
ul exposures, unealled-for photographs, and ‘the like, 
not to mention the developing and fixing solutions, 
‘hat contain silver in one form or another. 

Little is thought of this, and we believe it is now 
ime to call the silversmith’s attention to the fact that 
‘here is a small mine in these waste materials. Not 
nfrequently the photographer is. pleased to be rid of 
the ineumbrances for the removal of them. On the 
other hand, it will often pay to make a satisfactory 
offer for them, and clean up once a month. 

With a view to reclaiming the silver, place any or 
ill of the above-named articles in a porcelain dish so 
arranged that they will burn readily; to facilitate 
combustion, a little kerosene or denaturized alcohol 
poured over the contents will be found serviceable. 

Before blowing off the burnt paper, place the resi- 
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due in an agate-ware dish, the bottom of which is 
covered with a solution of saltpeter and water. Place 
the whole on the fire, and heat it until the silver is 
separated as a nitrate. 

The solution being complete, add to the mass a 
little water and hydrochloric acid, when in a short 
time the serviceable silver chloride will be obtained. 
If the films should not give up their silver as freely 
as the plates, then add a little more hydrochloric acid 
or work them up separately the next time. Silver 
reclaimed in this way is eminently suitable for sil- 
ver-plating all sorts of objects. 

To test old silver coins and other articles of old 
silver, that one buys to melt down, as to their value 
and purity proceed as follows: 

Lay them for fifteen minutes in a solution of com- 
mon salt (about 30 grammes of salt to a liter of 
water). If the articles are of real silver they will 
not change, but if they are for the most part of 
nickel, they will take on a violet hue, which in- 
creases in intensity the longer they remain in the 
solution. If tin be a part of the alloy, the articles 
will become of a dead gray. If the old objects are 
dirty, it will be well to wash them in ammonia-soap 
water. 

If there be so much verdigris on their surface that 
their true value cannot be estimated, lay them in a 
solution of 11% parts of acid and 50 parts of water 
for ten minutes. The verdigris dissolves rapidly 
away, and the cleansed silver may then be melted up 
for use in silver jewelry.—Journal der Goldschmiede 
Kunst. 


ENGINEERING NOTES. 


In a paper recently published in the Revue Tech- 
nique, M. L. Levi makes the following comparison be- 
tween the calorific values of different fuels used in 
internal-combustion engines; British thermal units 
per pound—methylated alcohol, 10,620; methylated al- 
cohol mixed with 50 per cent gasoline, 14,200; crude 
American oil, 19,630; refined American oil, 19,880. The 
mixture of methylated alcohol can, it is stated, be 
used as easily as ordinary gasoline, but with unmixed 
gasoline it is necessary to warm up the carbureter a 
little before starting, as the alcohol does not vaporize 
readily enough below a temperature of 68 deg. F. As 
an alternative gasoline may be used at the start, the 
alcohol being supplied later. No trouble is found 
with the admission valves in using alcohol, and if at 
times there is a deposit of soot or tar, this arises gen- 
erally from the use of a bad carbureter. A little acetic 
acid results on combustion, but not enough to cause 
damage. The carbureter should be of a type which 
will deal out a measured quantity of the liquid at each 
suction stroke. The exhaust gases are free from the 
unpleasant smell prevalent in the case of gasoline 
motors. The principal objection to the use of spirit 
lies in cost, which, to compete with gasoline, should be 
about 20 cents per gallon in place of about twice as 
much, as at present the case in France. In Ger- 
many the cost of methylated alcohol is only about 18 
eents per gallon, so that the alcohol motor is becoming 
more and more popular there. 


Two ingenious devices for gise in the cotton-spin- 
ning industry have been recently patented in England. 
The first comprises an automatic weaving attachment. 
As in the Northrop, the cop is changed, but not the 
shuttle. The device differs from the latter, however, 
inasmuch as it is used with overpick looms. In op- 
eration the breaking of the weft throws the weft fork 
out of action, and a new cop falls down, forces the old 
cop into a receptacle below, at the same time taking 
its place. The device has been submitted to several 
severe tests, one of which was a continuous four hours’ 
run, and has proved highly successful. It can be fitted 
easily and cheaply to existing looms, and is applicable 
to both plain and fancy weaving. The second inven- 
tion has been introduced by Mr. Paley, a cotton manu- 
facturer of Preston, Lancashire. This is a new type 
of brake ring, the scope of which is to improve the 
efficiency of the ring frame. One of the drawbacks to 
the existing ring frame is that it can only be used for 
warp yarns, up to about 80's, and up to 100’s in cases 
of extreme necessity, while for hard weft yarns its 
eapacity is up to 50’s. For some time past a means 
of obtaining a positive variation in the traveler, ac- 
cording to the diameters of the cop, has been desired. 
The advantages accruing from the use of the ring 
frame have been to a very appreciable extent nullified 
by the difficulty in spinning the higher numbers and 
soft wefts. The greater objection to the use of thick 
wooden pirns is that they do not hold a sufficient quan- 
tity of yarn, and are unduly weighty in proportion to 
the weight of the yarn. In the Paley device these diffi- 
culties are successfully surmounted. The invention 
consists of an external ring outside of the ordinary 
ring. A number of inclines resting on pins fixed on 
the ordinary ring are cut on the inside of the external 
ring. The latter is moved round the stationary ring 
by a projecting wire, which is provided with a longi- 
tudinal rod in front of the ring rails, and which is 
moved endwise sc as to obtain the requisite revolu- 
tion of the brake ring. When the frame commences to 
spin, a traveler of sufficient weight is used to enable 
spinning to take place at the nose of the cop with the 
minimum of turns per inch, such as is usual to put 
into mule yarn. As the ring rails fall toward the 
shoulder of the cop, the rod slides along to the rails to 
the right, and turns the external ring round the fixed 
inner ring. This operation causes the outer ring to 
rise up the inclines on its under edge and come in 
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contact with the traveler, thereby braking or retard- 
ing it. This effect, however, is so gentle and reguiar 
in its action, that the traveler is virtually converted 
into one of varying weights, this variation coincid- 
ing with the varying angle of pull on the yarn. With 
this device the yarn is softer, fulier, and of greater 
strength than that spun under ordinary circumstances, 
and is as full and “oozy” as mule yarn, with greater 
elasticity. Furthermore, what is of equal importance 
is that the increase in production is as much as 100 
per cent, and yarns varying from 10's to 150's are pos- 
sible. The device is already in operation upon 12,000 
spindles, and has proved eminently successful. 


SCIENCE NOTES. 

The Journal of the Society of Arts states that among 
the congresses arranged in connection with the Liége 
International Exhibition of next year, and with which 
the co-operation of the Belgian government is assured, 
one on chemistry and pharmacy, convoked by the 
Belgian Chemical Society and the Liége Pharmaceuti- 
cal Association, will be held at the end of July. The 
congress is to be divided into the following sections: 
(1) General chemistry, physico-chemistry; (2) analyti- 
cal chemistry, apparatus and instruments; (3) indus- 
trial mineral chemistry, including metallurgy; (4) 
industrial organic chemistry (sugar-boiling, fermenta- 
tion, tanning, dyeing, ete.); (5) pharmaceutical chem- 
istry; (6) the chemistry of food substances; (7) agri- 
cultural chemistry, manures; (8) biological and physi- 
ological chemistry (application to hygiene and bacteri 
ology); (9) toxicology; (10) practical pharmacy; and 
(11) legislation and professional interests, deontho- 
logy. The president of the organizing commiitee is 
Prof. A. Gilkinet, of Liége. 


The directors of the Ben Nevis Observatories, which 
were closed on October 1, have just issued a circular 
describing the circumstances in which these observa 
tories have at last been discontinued. The mainten- 
ance of the two stations at Fort William and on the 
summit of Ben Nevis has involved an average yearly 
expenditure of $5,000. Of this sum, $1,750 has been 
supplied by the Meteorological Council, and the re- 
mainder has been obtained from various private 
sources. It was hoped that the Treasury Committee 
which was appointed to consider the question of the 
annual grant to the Meteorological Council would deal 
adequately with the position of the Ben Nevis Observa 
tories in its report, but in their circular the directors 
express disappointment that this was not done. The 
directors remark: “Some of their number, including 
the two secretaries, were examined, and fully stated 
their case, besides handing in detailed memoranda re 
garding the history, work, and cost of maintenance of 
the observatories. Yet, with all this information be 
fore them, the committee state in their report that ‘it 
appears that only $1,750 per annum is required to in 
sure the continued maintenance of the observatories’ 
The directors lost no time in calling the attention ol 
the First Lord of the Treasury to this ‘inexplicably 
erroneous’ statement, and in appealing to him that 
means should be found to prevent the abandonment of 
the observatories. The treasury. however, could not 
see its way to any further increase of the contribution 
from the parliamentary grant, but offered to continue 
the allowance of $1,750 a year hitherto received from 
the Meteorological Council. As this arrangement 
would have left the directors exactly where they were 
before, face to face with the impossibility of continu 
ing to raise $3,250 every year, and with the obvious 
hopelessness of obtaining adequate pecuniary support 
from the government, there was no alternative but to 
close the observatories.” 

A number of interesting communications relating (0 
radio-activity were made at the Cambridge meeting 
of the British Association. Lord Kelvin, says Tech 
nics, stated that the earlier opinions regarding radium. 
to the effect that its emission of energy goes on for 
ever, had so alarmed him that he felt obliged to main- 
tain that energy is derived from some external radia 
tions absorbed by the radium. It has since been made 
plain that the radium atom has a life of limited dura 
tion (about 30,000 years) so that the above difficulty 
no longer exists, and therefore Lord Kelvin withdrew 
his opposition to the disintegration theory. Further, 
Lord Kelvin exhibited models illustrating the be- 
havior of the radium atom. One of these consisted of 
two positively charged spheres (representing posi 
tively charged atoms) with a small negatively charged 
sphere (representing a negative electron) between 
them. The large spheres are held together by the in- 
terposed negative charge, but the state of equilibrium 
is unstable; a disturbance would cause one of the 
positively charged spheres to be projected away with 
considerable velocity. Lord Kelvin pointed out that 
if the structure of the radium atom were really like 
that represented by his model, the rate of disintegra 
tion would be greater at high than at low tempera- 
tures, which has been proved experimentally not to be 
the case; thus the models exhibited can only be con- 
sidered to offer a partial and tentative explanation of 
the structure of radio-active atoms. Prof. J. J. Thom- 
son made some interesting observations on radio-ac- 
tivity. He pointed out that McClellan and Strutt had 
simultaneously shown that the air contained by closed 
metal vessels has the capacity of discharging an elec- 
troscope; this is not a property merely of the air, 
since it depends on the metal composing the inclosing 
vessel, as well as on the volume of the vessel. With ves- 
sels of a liter volume the leak with lead is twice that 
with zine. Further, if the vessel is placed with a lead 
cistern the ionization is decreased. In fact, if a sheet 


| _ 
hay é 
win 
inte psy 
ed ; 
Sue 
mj 
the 
ra 
dor 
ally 
ious 
ol 
dis 
SO 
nis 
por 
ani 
erit 
be 
per 
rul 
nts 
os! 
sti 
In 
aly 
be 
ry 
he 3 
ith 
ed 
: 
in : 
se 
el 
‘0 
h- 
le 
J 
i 
a 
a 
- 
. 
| 


24236 


of lead is held above the closed vessel, so as to shicid 
it from the sky, the rate of ionization is diminished; 
if the sheet of lead is held below the vessel, so as to 
shield it from the earth, the ionization is also dimin- 
ished. Mr. Cook, in Canada, surrounded his apparatus 
with a lead vessel weighing half a ton, and found that 
the decrease produced in the ionization was no greater 
than with an enveloping lead vessel two inches in 
thickness. A student at the Cavendish laboratory has 
sunk apparatus, similar to that described above, to a 
depth of sixty feet in a lake, and found that there is 
still a residual ionization. As a final result, it ap- 
pears that every metal is to a certain extent radio- 
active, and emits two kinds of radiations, one of which 
is very penetrating, while the other is absorbed with 
comparative ease. The easily absorbed radiations from 
carbon have been found to be more penetrating than 
those from lead. There remains the possibility that 
all space is traversed by exceedingly penetrating radia- 
tions, which, falling on metals, cause the emission of 
radiations. 


SELECTED FORMUL. 

Lubricant for Ropes.—For hemp ropes, fuse together 
20 pounds of tallow and 30 pounds of linseed oil. 
Then add 20 pounds of paraffin, 30 pounds of vaseline, 
and 60 pounds of rosin. Finally mix with 10 pounds 
of graphite, first rubbed up with 50 pounds of boiled 
oil. For wire ropes fuse 100 pounds of suint with 20 
pounds of dark colophony. Then stir in 30 pounds of 
rosin oil and 10 pounds of dark petroleum.—Farben 
Zeitung. 

Gold Varnish. —A varnish which will give a splendid 
luster, and any gold color from deep red to golden yel- 
low, is prepared by taking 50 ounces pale shellac, 15 
pounds Florentine lake (precipitated from cochineal 
or redwood decoction by alum on to starch, kaolin, 
or gypsum), 25 ounces of sandalwood, and 8 ounces of 
dragon's blood. These in fine powder are dissolved on 
the water bath in 500 ounces rectified spirit. The 
spirit must boil and remain, with occasional shaking, 
for two to three hours on the bath. Then cool and 
decant. In the meantime heat in another flask on the 
bath 30 ounces of gamboge in 500 ounces of the same 
spirit. The two liquids are mixed until the right 
color needed for the particular purpose in hand is ob- 
tained. Dilute with spirit if too thick. The addition 
of a little picric acid gives a greenish-yellow bronze, 
but makes the varnish very liable to explode. These 
varnishes are applied to gently warmed surfaces with 
a soft bristle-brush.—Hannoversches Gewerbeblatt. 


Non-Poisonous Fly-Paper—1. Mix 25 parts of quas- 
sia decoction (1:10) with 6 parts of brown sugar 
and 3 parts of ground pepper, and place on flat dishes. 
2. Mix 1 part of ground pepper and 1 part of brown 
sugar with 16 parts milk or cream, and put the mix- 
ture on flat plates. 3. Boil down 75 parts of quassia 
wood with 200 parts of water to one-half, mix the cola- 
ture with 5 parts of cobalt chloride, 1 part of tartar 
emetic, and 40 parts of tincture of long pepper (1:3 
spiritus dilutus). Saturate blotting paper with this 
mixture, and lay on plates. 4. Macerate 20 parts of 
quassia wood with 100 parts of water for 24 hours, 
boil one-half hour, and squeeze off 24 hours. The 
liquid is mixed with 3 parts of molasses, and evapor- 
ated to 10 parts. Next add 1 part of alcohol. Soak 
blotting paper with this mixture, and put on plates. 
5. Dissolve 5 parts of kali bicromic, 15 parts of sugar, 
and 1 part of essential pepper oil in 60 parts of water, 
and add 10 parts of alcohol. Saturate unsized paper 
with this solution, and dry well. 6. Boil 1 kilo of quas- 
sia wood chips with 4 liters of water, so that 2! liters 
of colature result. To this add a tincture prepared 
from 300 grammes of long pepper extracted with 1,000 
grammes of spirit (45 per cent). Finally add 200 of 
tartar emetic, agitate repeatedly, saturate paper, and 
dry on cords.—Pharmaceutische Zeitung. 


Practical Receipts for the Making of Varnish.— 

Coffin Varnish.—Take 60 kilogrammes of American 
resin and dissolve it together with 20 kilogrammes of 
Manila copal and 10 kilogrammes of gallipot in 80 
kilogrammes of spirit. 

Varnish for Labels or Tags.—Dissolve in 40 kilo- 
grammes of spirit 6 kilogrammes of bright sandarac, 
15 kilogrammes of light French resin, 9 kilogrammes 
ofepale Manila copal, and add to it 6 kilogrammes of 
Venetian turpentine. 

Varnish for Straw Hats.—Take 5 kilogrammes of 
pale sandarac, 15 kilogrammes of light rosin, 3 kilo- 
grammes of thick turpentine, 10 kilogrammes of Ma- 
nila copal, and 45 kilogrammes of spirit. 

Glazing for Iron.—40 kilogrammes of yellow shel- 
lac and 60 kilogrammes spirit. 

Glazing for Wood.—60 kilogrammes of cowrie mix- 
ing varnish and 40 kilogrammes of the glazing for 
iron are to be well mixed together. . 

Cowrie Mixing Varnish.—87 kilogrammes of cowrie 
gum dust dissolved in 109 kilogrammes of spirit. 

Boot Polish or Leather Varnish. I.—Take 26 kilo- 
grammes of light shellac, 6 kilozgrammes of thick tur- 
pentine, 3 kilogrammes of castor oil, 314 kilogrammes 
of aniline black, and 80 kilogrammes of spirit. 

Leather Varnish. II.—With 15 kilogrammes Manila 
copal and 7% kilogrammes ruby shellac take 3 kilo- 
grammes Venice turpentine, 3 kilogrammes castor oil, 
80 kilogrammes spirit, and 2% kilogrammes aniline 
black. 

Leather Varnish. III.—Dissolve 50 kilogrammes of 
Manila copal together with 25 kilogrammes of gallipot 
and 3 kilogrammes of aniline black in 80 kilogrammes 
of spirit.—Ferben Zeitung. 
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